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ADVERTISEMENT 



Thib Volume contains the whole of the Authoi^s Mis- 

cellaneous Papers, from 1799 to 1805; and also an 
early Introductoiy Lecture on Chemifitry, with Out- 
liucB of Two Couraes of Lectures on Chemistty and on 
Chemical Philosophj* 

It 18 mainly interestiDg on two aoeounts: one, as 
illttstrating the progress of Chemical Discoveiy, and 
more especially of Vol taie £lectricity ; the other, as 
displaying the progress ol the Author's own mmd, and 
the fennatton of hîs philoBophical character. 

In the arrangement of the papers» attention has been 
paâd to time, in relation to the oïder of their fixst appear- 
ance ; from whîch no déviation has been permitted, 
ezceptiog in instances in which it appeared advisable 
on account of the âmilar nature of the subjecta and 
a natural connexion. 

The few notes introduced by the Editor are distin- 
guishable by being placed within biackets. 

JOHN DAVY. 

POBT PiTT, ChATHAM, 

AuffUti im, 1899. 
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[Tliis and thc followîng Essay, tlie Author s flirst contribution to 
science, were pnbîislied carly in 1799.* They were commenc&d at 
Penzance, shortiy after he had entered on the study of Chemiatry ; and 
wcftt finisbed at Clifton, twenty monflu later. 

Len flum two yean after, namely in D^cember, 1600, refenrlng to 
ffaew ]irodiieti(»i8, ba derignatef thcm, ** my baSuat ehemical ipccn- 
latkmft** ; f and, conaideiliig fbcm èhiefly In Ihe light of mcfe «pecolatkMu, 
be appean fhen to hare grrath undar-ratad tliein, and to bave fonned 
an opinion of them himself far more un^Eivonrable than they descrved 

n whole, or than pottarity, it probable, wiU acknowledgfi to be 
correct. 

Tlie tbllcm iiig estimate of them was niadc at the time, by a vt ry able 
judge, and candid critlc, the distinguished and vénérable Priée tley. 
In tbe Appendix to bislast ehemical work, he thus expresses bintself 
" Wben some progren ma made in piinting tiiis trork, (The Doetiine 
of PUogliton estabUsbed) I met wltfa Dr. Beddoet' Contrilmtkina to 
PbyBieal Knowledge, and in it, llr. H* Davy's Xssays, wbieb bave 
imprewed me witb a bigb opinion of his philosophieal acnmen. Mis 
ideas were to me new, and very striking, but they are of too grcat 
conséquence to bc decided upon îiastily." 

Considcring thèse Essaye rtispassionately after a lap«e of forty years, 
the ciuef fanit of them was, decidedly, that wbieb their Author ahno«t 
immediately perceived, uamely, hastinesa of généralisation, — aad the 
apparent presiunption indicated by it. As regards the spéculations 
tbemseWes in wbieb tbcy abonnd, tliough some of them were ingénions 
and may be tme, many of tliem, it mnst be aSowed, were wild, and 
probaUy viilonary $ but, on tiiat acconnt, th^ are not uainstructiTe ; 
tboy ttrongly éhadow fortb the infimt mind of the PbOoiopiier; tbe 
wildest of them are most natural to a young mind, just entering on (as 
it was to him) the twilight of physîcal science, gifted with high powers 
and a vivid imagination. In the infancy of science itself, there was the 
same disposition generaUy displayed, and in the hîghcst d^pree ; of 



* In " Contiibntione to Fhysieal and Médical KnowMge, pilaei- 
palty fnm tbe Wett of Eagland, eollected hj Thomas Bcd^ocs, At» J>f 
t Niebolson's Jonmal, 4to. toL It. p. 90S. 

B2 
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whkii Alchemy and Attrologj aAird tlie ttrongett piooft. Moreomy 
the period of bis novidate was peculiar, mulEed bj ezettancnt ud 

innovation, and the abandonment of tlie "state niper vias antiqitas 
the leaven of the Frcnch Rcvolution v/as ptill fermenting ; — the 
mysteriûuô ]>lienoiutiia of (lalvanism had theû recently bof-n bronght 
tp light ; tlie muscles of animais apparently dead had beeu inade to 
eontnct by tbe nev Infinencei as if muUmfttod ; and pnenniatie 
ehoDlstty had Jnat tfaen beea called to fhe aid cf meUâdot, with a 
confident expeetation of wcndefftd eSbeta, ddading menof the ■onndeat 
judgmentB. It ia not rematkalde, then, making allowance for thèse 
dieunatanoes, that at the ago of nineteeui he thns indulged in 
spéculation ; Imt it is very remarkable, how soon he saw bis error, 
and ever afterwards aroided it — that is, the illf^trîtimate use of 
spéculation, — not having (to use an expression of hi.s own) " its source 
iu facts aud its tcrmiuatiou iu cxperimcuts." Merely regarded as a 
phenomenon of mfaid, independeat of tiia new Ihcta and many inge- 
idoofl Tiews whieh thej ctmtaia, fbeae Eiaays, I eannot hdp thinklag, 
«ill alwaya he hetd to he cnrkma and intereating, and dewnriogy in 
the way of reficction, of the attention hoth of the itndent aud of 
the philoeopher.] 
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AN ESSAY 

OK 

HSAT, LI6HT» AND THE COHBINATIONS OF LI6HT. 



A DESIRE of împrovement, and a peculiar spirit of- 
philosophical investigatioii» productive of the greatest 
discoveries în the most important sciences» hâve 
eminently chaiacterised this centiuy. 

Philosophent not contented wiih examiniDg the 
associations of those complex perceptions, to which the 
metaphysicians hâve given the name of abstract ideas, 
have observed nature, discovered effects, and erected 
their théories upon trains of connected sensations» called 
filets. 

From hence anses the superioiity of présent philoso» 
phical Systems ; though thèse Systems are &r firom that 

perfection, vphich they appear capable oi' attaining bj 
the new mode of investigation. 

The sciences have not been equailj improved; those 
dépendent for their existence on ezpexîment» and the 
observation of phjsical phenomena, thongh newly 
discovered^ have made the most lapîd adyances towards 
perfection. 

ChemisUy, which mose firom the ruins of ^chemy, 
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ON H£AT, LIQHT, AND 



to î>e bound in the fettcrs of phlogiston, has heen 
liberated, and adorned with a beautifiil philosophie 
theoiy. The nuraerous discoyeries of Priestley, Black, 
loYomets and the other Ëuropean philosophen in this 
bianch of sdence^ affi>id aplendid proofi of the increas- 
ing énergies of the human mind. 

From the application of Chcmistrv to the discovcry 
of the laws of orgauic existence, maiikind had hoped to 
dérive the greatest advantages ; from this source they 
expected the perfection of phjaiological science; but 
their hopes hâve been in a great measure frustrated ; 
and if we except the théories of a celebrated médical 
philosopher^ Dn Beddoes» it vill be fbund tfaat chemistry 
has as yet afibrded but little assistance in the cure of 
dlseases, or iii tiie explanatiuu of the laws of oiganic 
existence, 

Our ignorance of tiie composition of or^anic matter, 
and of the changes effected in the blood by oxygen 
gas^ 18 a considérable source of the imperfection of 
medicine. A more intimate aoquaintance with thoae 
important parts of chemistry would tend» not only to 
the elucidation of that branch of philosophy, but to the 
production of the most bénéficiai efFects in medicine and 
physiologVj sciences of the utiuost importance to man ; 
sciences, irom the perfection of which he may hope to 
eradicate a great portion of the pfaysical and moral evil 
to which he is subject 

LiQHT has been heretofore little consideied in che* 
mical theory ; its affinities bave never been investigated. 
A substance of die greatest importance to organic exist- 
ence has been very little regarded, but in a physical 
view, as a stimulus, and as the source of the most 
numerous and pleasurable of our sensations. 

The planetaiy motions, thoee wonderfîil phœnomenai 
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THJB COMBINATIOiiâ OF IJGHT. 7 

and thc laws by which thoy arc provemed, appear to bc 
designed for the express purpose of fiuppiying the whole 
of the solar sjstem mût a certain neoetsaiy qnantitj of 
lighL 

The gênerai analogy of nature^ the wonderftd aînipli- 

eîty of causes and complexity of effects, would alone 
tend to provc that this substance is subservient to otlier 
purposes than those of vision and végétation. Since 
light and heat are usually concomitant, since there is 
rarely a considérable degree of one without the other^ 
philoeophers hâve qnestioned ^hether Ûuj aie not 
cause and effect; and M. Layoîsîer i» one of theee 
philosophers. lie says : * " La lumière, est elle une 
modification du calorique, ou bien le calorique, est il 
une modification de la lumière?" I have made an 
experiment which seems to demonstrate directly that 
light is not a modification, or an efibct of heat. 



ExP£iUM£NT I. 

A smali gunlock was procured, armed with an excel- 
lent flint This lock was elevated bj means of two 
iron sprîngs on the stand of the receiver of an air- 
pnmp. Â slight iron wire was affized to the trigger, 
brought through a hole made in the centre of the stand, 
and cemcnted into thc hole with wax, so as to exchulc 
entirely atmospheric air from the receiver. The rcceiver 
was exhausted, and the lock snapped ; but no light was 
produced. The receiver was fill^ with carbonic acid, 
and the lock again snapped, with the same result; no 
light was produced. Smali particles were separated 

* Traité eleœtmtaire. 1. 1. p. 6. 
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ON UEAT, LIQHT, AND 



from thc steel, which on microscopic exâiniuatioii 
evidently appeared to have uudexgone fusion.* 

If li^t was a modification, or an efiect of beat» it 
must have beenproduœd in this experiment; since die 
heat generated by collision waa sufficient to faute steel» 
a degree of beat mucb abore tbat improperlj called a 
wbite beat 

Light then cannot be calorie in a state of projection. 

Nor can it be, as some philosophcrs suppose, a vibra- 
tion of the imaginary Huid ether. For even granting 
tbe existence of this fluid, it must be ptesent in tbe 
exbausted leceiver, and in caibonic add aa well as 
in atmospbeiic anr ; and if ligbt is a vibration of tbis 
fiuid, generated by coUinon between ffînt and steel în 
atmospheric air, it should likewise be produced in the 
exhausted receiver, where a grcater quantity of ether 
is présent, whîch îs net the case. 

Since light is neither an eifect of calorie, nor of an 
etbeiial âuid supposed to be extended througb space,t 
and as tbe impulse of a material body on tbe oigan of 
vision is essential to tbe génération of a sensation» light 
ÎB consequendy matter of a peculiar kind, capable wben 
moving througb space with tlie greatest velocity, of 

* ITtSB he ntUmnadB doal»ted : vidt Sxtnust of a letter, &e. to Mr. 
NicholBon»'' foDowing thèse Bamys, and hie ** Otneralioiis on the aiipear* 

ances produced by the collisioii of steel with hard bodies/'] 

t The philoeoplicrf? who support thîs opinion suppose thc universe a 
plénum j amongst thèse is the grcat Enîor. It may not be arniss to 
observe on this subject, that to suppose the universe a plénum, and 
constituted a plénum by an clastic fluid, is absurd. It is essential to 
the elutidty of a finid, that it he capable of compression; that is, of 
ÉDhog lésa apaee tfaaa it hefore eiisted in. Now aa différant bodlea 
caonot eadat at tiie aame tlme In the aame pUwe, there muât neeesaarily 
be a Toid apace between the partidea of an dastie fluid, aodi as ether la 
aamnned to be, which overtnnia thdr hypoûieaia. 
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bécoming the source of a numerous clias of 6m sensa- 
tions. 

Matter is possessed of the power of attraction. By 
this powcr the particles of bodies tend to approxiinate, 
and to ezist in a state of contigaity. The particles of 
ail bodies vith which we aïe aoquaînted» can be made 
to approach neaier to each other> by peculîar means» 
that is, the spécifie gravity of ail bodies can be increased 
hy diminishing their températures. Conscquciidy (on 
the supposition of the impenetrability of matter) the 
particles of bodies are not in actual contact, There 
must then act on the corpuscles of bodies some other 
power» which prevents their actual contact; this may 
be called répulsion. The phssnomena of repulsion hm 
been supposed, by the greater part of chemical philoso^ 
phers, to dépend on a peculiar elastic fluid ; to which 
the names of latent beat, and calorie, have been given. 
The peculiar modes of existence of bodies, solidity, 
fluidity» and gjBnàtj, dépend (according to the calorists) 
on the quantîty of the fluid of beat entering into their 
composition ; this substance innnaating itself between 
their corpuscles, separating them from each other, and 
preventing their actual contact, is, by them, supposed 
to be the cause of répulsion. 

Other philosophers, dissatisfied with the évidences 
pvodueed in &.your of the existence of this fluid, and 
perceÎTing the génération of beat by fiiction and per» 
cussion, have supposed it to be motion.* 

* It ma fatàga to fhe design of thii eiiay to give fhe liistoiy of tbe 
opinioiui of fhe difibfent philoaoplieii on Uie eanse of hfiftt, a» wéll as an 
aeootint of the différent experfments that have heretofore been made on 
it. The short vievr of the phsenomoia of répulsion given aftor the expé- 
rimenta on the cause of heat, is deduced from the experiments of Black, 
Crawford, and others, experiments which are too well known by chemical 
plûlosophers to need qaotation. 

b5 
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OK H£AT, UGHT, AKD 



Considering thc discovery of the tnte cause of thc 
répulsive power as highly important to philosophy, I 
hâve endeavoured to ioTestigate this pirt of chemical 
edence by expérimenta: from thèse ezperimentB (of 
which I am now about to give a détail)^ I conclude that 
beat» or Ihe power of repulnon^ is not matter. 



THE PH^NOMENA OF REPULSION ARE NOT DEPENDENT 
ON A PECULTAR ELASTIC FLUID FOU THEJB EXISTENCE, 
OB CALORIC DOES NOT EX18T. 

Without considering the eflPects of the répulsive power 
on bodies, or endcavouring to prove from thèse etfects 
that it is motion^ I shall attempt to demonstrate by 
experiments that it is not matter; and in doing this, I 
flhall use the method cslled by mathematicians^ reductio 
ad abBordom. 

X#et beat be considère d matter, and let it be 
granted that the température of bodies rannot be 
increased» uniess their capacities are diminished Irom 
«orne cauae^ or beat added to tbem irom some bodies 
in contact 

Now the températures of bodies are uniformly raised 

by friction and percussion. And eince an increase of 

température is conséquent on fnction and percussion, 
it must consequently be generated in one of thèse 
modes. First, either irom a diminution of the capaci- 
ties of the acting bodies from some change induced in 
tbem by fiiction, a change produdng in tbem an 
increase of température. 

Secondly, or from beat communicated, from the 
décomposition ot the oxygen ggs in contact by one or 



/ 



Digitized by 



\ 



\ 



THE C0M3INATI0Kâ OF LIOUT. 11 

both of the bodies, and then iKcdon mnst etket wme 

change in them (f^imilar to an increasc of t( mpcrature), 
enablinpr tluMu to (k-comixisc ow^cn gciH, aiul they must 
be ibimd atter ùicûoug partûdijr or whoUj oxydated. 

Thu^ly, or fix>m a communicatioa of calorie from thc 
bodies in contact^ produced by a change induced hy 
firiction in the acting bodies, enabling them to attract 
calorie firom the somninding bodies. 

Now first let thc increase of température produced 
by friction and percussion be snpposed to arise from a 
diminution of the capacities ut thc acting budie-;. In 
this case it i& évident some change mufit be induced in 
the bodies by the action^ which lessens thetr capacities 
and increases their tempeTstures. 

■ 

EZPBBIMSNT IL 

I procured two parallelopipedons of icc,* of the 
température of 29°, six inches long, two wide, and two- 
thirds of an inch thick : they were iaatened by wïies to 
two ban of iron. Bj a peculiar mechanism, tbeir 
sur&ces were placed in contact, and kept in a oontinued 
and violent fiietion îw sbme minutes. They were 
almost entirely converted into water, which water was 
collecLed, and its température asccrtained to be 35°, 
after reniai ning in an atmosphère of a lowcr tempéra- 
ture for some minutes. The fusion took place only at 
the plane of contact of the two pièces of ice, and no 
bodies were in friction but ice. From this ezperiment 
it is évident that ice by Motion is converted into water, 
and according to the supposition its capacity is dimi* 

* The reault of the experimoit If the Mme, if wax, tàUow, reiin, or 
maj substance fusible at a low température be uaed ; even iron nuty be 
ftased by cdUaion, m i» «videiit trom tHw flrst experiment. 
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nii^ed ; bat it is a urell-known fact, that the capacitj of 

"water ibr licat is much greater than that of ice ; and ice 
must have an absolntc ([uantitv of heat added to it, 
before it can be couverted îuto watcr. Friction conse- 
quentlj does not dimimsh the capacities of .bodies for 
heat 

Frcwi tfajB experiment it îa lîkewise évident, that the . 
increase of température conséquent on friction cannot 

arise from the décomposition of the oxygen gas in con- 
tact, for ice has no attraction for oxygen. Since the 
increase of" température conséquent on friction cannot 
arise from the diminution of capacity» or oxydation of 
the acting; bodies^ the only remaining . supposition ie, 
that it anses irom an àbeolute quantité of heat added to 
them» which heat must be attracted ûom the bodies in 
contact Then friction must induce some change in 
bodies, enabling them to attract heat from the bodies in 
contact. 

ExPEraMEKT IIL 

I procuied a pièce of clock-work so constructed as to 
he set to work in the exhansted receiver; one of the 
eztemal wheels of this machine came in contact Dvith a 
thin metalHc plate. Â connderable degree of sensible 

heat was pruduced by friction between the wheel and 
plate when the machine worked uninsulated from bodies 
capable of communicating heat. I next procured a 
sinall pièce of ice;* round the superior edge of thia a 

• The température of the ice and of stirronnriing atmosphère at tht 
commencement of the experiment was 32°, that of the machine waâ like- 
wise 9Sf*, At tiM end of ffa« caq»eiliiieDt the tempentive of tlie «Mmt 
part of tiie maeliiiie wm near 99f*, ÛèbX of the iee «nd snxnMiiidiDg 
atnuMphere fhe anne as at fhe eommeneemoiit of the eipeilment ; lo 
that the iMatpiodaeeâ by the fHctfon of fhe diUhrent parts of the ma- 
chine va* tiU&eieikt to laiie the tcmpeiatue of near half a poond of 
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imall canal was made and fiUed with waten The 
macbine was placed on the ice, bat not in contact "with 
the water. Thus disposée!, the whole was placed under 
the receiver, (which had Ix en prcvioiisly fiUed with car- 
bon ic acid,) a quanti ty of potash {i. e. caustic vegetabie 
alkaii) beîng at the aame time întioduced. 
- The receiver waa now exhauated From the ezhans- 
tien, and from the attraction of the carbonic acid gas 
bj the potash, a vacuum nearly perfèct was, I believe^ 
made. 

The machine was now set to work. The wax rapidly 
melting, proved the increase of température. 

Calorie then waa collected bj friction ; which calorie, 
on the soppoattion^ was commnnicated by the bodiea in 
contact with ihe machine. In thîa expérimenta ice waa 
the only bodj in contact with the machine. Had this 
ice given ont calorie, the water on the top of it must 
have been frozen. The water on the top of it Avas not 
frozen, consequently the ice did not give out calorie. 
The calorie could not corne from the bodies in contact 
with the ice ; for it must have paased throogh the ice to 
penetrate the machine, and an addition of calorie to the 
ice would have converted it into water. 

Heat, when produced by friction, cannot be collected 
from the bodies in contact, and it was proved by the 
second experiment, that the increase of température 
conséquent on friction cannot arise from diminution of 
capacity, or from oxydation. But if it be conaidered as 
matter, it must be produced in one of thèse modes. 
Since (as is demonstratcd by thèse experiments) it is 
produced in neither of thèse modes, it cannot be consi- 
dered as matter. It bas then been experimentally 

métal at lewt an» degree, and lo oonveft elghteen gnlns of wax (the 
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demonstrated calonc, or Ûut mattmr of beat, does 

not exist 

holids, by long and violent friction, bccome ex- 
panded/ and if of a higiicr température than our bodies, 
afiect the semorj oigans with the peculiar sensadon 
known bj the common name of he«t 

Sinoe bodies become ezpanded hj fiiction^ it is évi- 
dent that theîr ooipuscles muât move or separate ftom 
each oiher. Now a motion or vibration of the coi^ 
puscles of bodies must be necessarily generated by 
triction and percussion. Therefore we may reasonahly 
conclude that thia motion or vibration is beat» or tbe 
repolnve power. 

Heaty then, or that power which prerents tbe actual 
contact of tbe coipuacles of bodiecf, and wfaicb ia tbe 
cause of onr peculiar aenaations of beat and cold» may 
be defined a peculiar motion, probably a vibration, of 
the corpuscles of bodies, tending to separate them. It 
maj witb propriety be called the répulsive motion-f 

* Expansion by friction îs common to almost ail bodies ; and as the 
exceptions arc very few, it may be admitted as a principle. I liave found 
by experiment, that the metallic substances, and tbe solid combiuations 
of hydrogen, carbon, and oxygen, become enlarged in ail their dhnen- 
•icni wlien heated by Metloii, tad I beiUeve ail ofher boditi «zcept ice, 
ia wUdi a iMW iVpoflîtioB of iwitieles, and pid^^ 
tion tikcfl place» 

t Heat, in comtnon language, signifies that sensation whitifa accom- 

panîes an increase of répulsive motion în any part of onr System. It 
should not be ii»ed therefore for the répulsive motion or cause of that 

senj^tion. 

The calorie of tlie FrencU nomenclatoiiii is equaiiy i xoc piiuuable ) for 
liaving been generally nsed to expueas the imaginary fluid, or matter of 
beat, it la now aaaodated vidi, aad geateially suggesta that idea, and 
«oold tfaiia If naed to tgpnm the nqnilfliTa mothm, or came of beat, 
become a source of enor. Worda e^iesBîng compound ideas, abould, 
when formed at will, express as near as possible the component parts of 
thèse ideasi when they are known. Tbe word rqpulitve motkm ia^ 
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Since there cxists a répulsive motion, the particles of 
bodies may be considercd as acted on by two opposing 
forces, the approximating power^ which maj (for 
greater ease of expression) be called attraction, and the 
f eptilsm motion. The fint of thèse ia the compoand 
efiêct of the attraction of cohenon, b y which the par- 
ticles tend to corne in contact with cach other, the 
attraction of prravitation, by which they tend to ap- 
proximate to the great contiguous masses ot niutter, and 
the pressure under which they exist, dépendent on the 
gravitation ctf the saperincumbent bodies. The second 
is the e£fect of a peculiar motoiy ot ^bratoiy impulse 
given to them, tending to remove them farther from 
each other, and which can be gcncratcd, or rathcr 
increased, by friction or ])ercnssion. The efFects of 
the attraction of cohésion, the gieat approximating 
cause, on the coipasdes of bodies, is exacdy similar 
to that of the attraction of gravitation on the gieat 
masses of matter composing the universe, and the 
répulsive motion is analagous to the planetaiy projectile 
force. 

Bodies exist in dilierent states, and thèse states dé- 
pend on the différences of the action of attraction, and 
of the répulsive power, on their corpusdefl^ or in other 
words, on their différent quantitîes of attraction and 
repulsion. 

When the attraction prédominâtes over the répulsive 
motion, the body cxists in the state of solidity. In 
this State its particles are relativelj contiguous, con- 
sequentlv it cxists in a relativelj small space. It is diffî- 
cidtiy divisible by mechanical means ; and when divided, 

I belif'vr, liable to no CTccption, I shall therefore tise it to oTpre«s the 
separating powei of tbe corpuKkt of bodiet, and the cauae of our sensa- 
lion of beat. 
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its parts being bronglit into apparent contact^ are in* 

capable of aggregative union. 

When the siun oi the attrac tions of ail the corpuscles 
is nearly equal to that of their répulsive motion, that is, 
when the attraction and repulsion are in équilibriez tbe 
body ezkts in the atate of fluidity. In thia state it is 
difficoidy compressiblej and easOy divisible bj meduk 
nical means, and when diyided, its parts being brooght 
into apparent contact, are capable oi a<rgregate union. 

When the répulsive motion prédominâtes over the 
attraction, the body exists in the statc oïgazUyf or elastic 
âuiditj* £zisting in this mode, it fiUs up great space ; 
it is moxe eaail y divisible» and more capable of aggre- 
gative union than a fluide and bas the pecoliar propcrt j 
<^ elasticity, that is, of great diminution of volume by 
compression, aiid of expansion by abstraction of coni- 
pressing forces; so that its volume is in the inverse 
ratio of the compressii^ weights. 

There is another state wldch bas been heretofore un- 
notîcedf and in wbieh only one body that we are ac- 
quainted with exists, namely light^ 

In this state the répulsive molion prédominâtes to 
such an extent over the attrac tion, that the corpuscies 
indefinitely separate with the greatest velocitj» and ap- 
pear to be veiy little acted on by attraction or gravi- 
tation. This state may be called répulsive projection.t 

Eveiy body ^th wMch we aie acquainted exista in 

* And probably odorons matters, as tli^ sppear to ]be eoniiiiiiaUy 

flyîng off with great velocîty from bodies. 

t As this isa state of existence hitherto not partîeularly noticecI,ît was 
thought proppr to distinguish it from other statcs by a peculiar naine. 
In thifl state tlie répulsive motion prédominâtes to such an extent over 
the attraction, tiiat the particles are projected into space with the great- 
Cft velodty. llie tena vepoliiTe projectioa «ill distinguish this state 
ftom othen vith nffldent aceoncy, tml from nedumical projectioD. 
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one of thèse states, and appears capable of existing in 
cither of them by the increase or diminution of the ré- 
pulsive motion of its corpuscles. But though thèse 
are modes of existence common to matter in gênerai, 
yet it appears that ail bodies have différent quantities of 
attraction and répulsive motion whcn existing in the 
same statc. Différent solids, fluids, and gasses are alike 
eminently différent in their spécifie gravity, and this 
différence vvould induce us to suppose that the sums of 
the attractions and répulsive motions of their particles 
are différent. 

When bodies expand, we are certain that their ré- 
pulsive motion is increased ; when they con tract, we are 
certain it is diminished; and we have no other in- 
fallible tests of an increase or diminution of répulsive 
motion, but expansion or contraction. 

Bodies may have their répulsive motion increased in 
three modes. 

First, By the transmutation of mechauical into ré- 
pulsive motion, that is, by friction or percussion. In 
this case the mechanical motion lost by the masses of 
matter in friction is the répulsive motion gained by 
their corpuscles. 

Secondly, By the motion of chemical combinations or 
décomposition. 

Thirdly, From the communicated répulsive motion of 
bodies in apparent contact. 

The disposition in bodies to communicate or receive 
the répulsive motion, has been called température, and 
the température of a body is said to be high or low in 
proportion as it communicates or receives the répulsive 
motion. The powers to communicate or receive the 
répulsive motion, as well as the velocities of commu- 
nication or réception, are specifically diflfercnt in differ- 
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«Ht bodies» and, as fiur as we know, do not dépend on 
the absolnte qnantides of vepalnre modon^ but on some 

peculiar atomic constitution now unknowa to us. As 
it is found by ex])critnent that the disposition of almost 
ail bodies to communicate répulsive motion is increased 
by every addition of it as meaauied by expandon, and 
diminiahed b j eyeiy aabtraction as measored by contzac- 
tion, the températures of bodies aie generally made tbe 
measures of their relative quantities of répulsive motion.* 
Différent bodies have their températures, or their 
powers to communicate or receive répulsive motion 
differently increased by the addition, and dimiuished by 
the sttbtraction^ of eqnal quantities of répulsive motion. 
This disposition îs called, in the doctrine of calorie^ 
their capacity for heat; but it migbt be named witih 
greater propriety, their capabilit}^ of température, for 
it has no relation to the absolu te quanti ty of répulsive 
motion they are capable of receiving» but only to their 
température. Ail bodies» in fact, are capable of any in- 
crease of répulsive motion» bot have their températures 
diffieiendy raised by this increase» that is, have difler^ 
ent capabilities of température. The body then, that 
is said to have the greatest capacity for heat, has the 
least capability of température, and vice versa, The 
capability of température of bodies is diminished by the 
addition of répulsive motion» and increased by its sub- 
traction ; so that the capability of a body is greatest 

* A peeuliar sensation known by the namc of heat is conséquent On 

an increase of répulsive motion in any part of onr bodies, and an op- 
posite one called cold, on r dimhnition of it. The coininon rrinde of 
detcrmininj? the relative quantities of répulsive motion in bodies, is by 
appealing to thèse sensations. Philosophy uses tlie mercurial ther- 
mometer. The discovery of auy mode of accurately determiuing the 
oontractbmsand expanslonB of lolldi, irould be t great «e^niflltioii to 
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when solid» less when fluid, and leaat of ail wben in the 
gaseous» or lepulnve projectile Btate. 
The capabitity of température of bodies likewise de-» 

pends on the degree of pressure under which they exist. 
Whcn bodies are compressed, their capabilities are in- 
creased, and ^eir températures raised ; when pressure is 
removed ùom bodies» their capabilities are diminished, 
and their températures loweied. 

When bodies In i^parent contact communicate the 
répulsive motion, the modon gained or lest by one body 
is uniformly eqiial to that lost or gained by the other 
body, as measured by température. 

When two similar and equal bodies are brought in 
contact, they acquire a c(»nmon température by com* 
munication of their répulsive motion : and the common 
température is an arithmedcal mean between the two 
original températures. When two unequal and similar 
bodies are brought in contact, if their températures are 
différent, they will acquire a common température 
by communication» and the communicated répulsive 
motion will be consequently divided between them in 
proportion to their quantities of matter. If two bodies 
of différent capabilities of température, and of différent 
températures, be brought in contact, they will acquiie a 
common température, and the communicated répulsive 
motion will be found divided between them in propor- 
tion to their quantités of matter» and their capabilities. 

When bodies combine chemically» it generally hap^ 
pens that the capability of the compound is différent 
from that of either of the constituents. Ilence in che- 
mical combinat! on s , the capabilities ot bodies are either 
increased or diminished. When the capabilities of 
bodies are încieased by chemîcal combination, the tem- 
pérature of the compound is greater than that of the 
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constituent?. Whcii the capabîlity of the com]K)iind is 
less than that of the constitueutSy its température is 
diminished. 

To ascertaîn the caisses of the mcrease or dimmution 
of température coiiBeqiient on chemical combinadon* is 
by &r the most difficolt part of the philoeophy of beat 

For we are hardiy able to distinguish the incrcase of 
température in bodies generated by the motion of com- 
bination, from that generated by iucrease of capability, 
and the motion of combination interfères with the dimi- 
nution of temperatore, firom diminution of capability ; and 
chemical proceases are in gênerai ao complex» that we cani» 
not diatinguiah between the increaae of répulsive motion 
from composition, and that arising from décomposition. 

We hâve every rciison to suppose from the forcgoing 
experiments and observations, that the répulsive power 
of bodies is a peculiar motory impulse. To distinguish 
this motion firom others, and to signify the cause of our 
aensations of beat, êsc* the name r^l$k>e motion bas been 
adopted. 

On the theoiy of calorie^ a pecnliar elastic fluid was 

supposed to exist between the particles of ail bodies ; 
and the peculiar modes of existence of bodies, that is, 
sohdily, fluidity, and gazity, wcre supposed to dépend 
on the différent quantities of calorie entering into their 
composition. The elasticity, that is, the compressibility 
of this fluid, bas been uniyeisaUy admitted, and the comr 
piessibilîty of the gases bas been supposed to dépend on 
the compresdbility of their calorie 

Now since calorie is supposed compressible, that is, 
capable of having its volume diminished by pressure, its 
particles cannot be in actual contact ; there must conse- 
quently act on them some power which prevents their 
actual contact, that is, the répulsive motion* So that 
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to admit the existence of an imaginary fluid in confor- 
mity to the absurd axiom, bodies cannot act w/iere tiiey 
are not, is in ù^t the solution of a small difficuUj by the 
création of a great one« Aiter ail» a principle must be 
admitted» (tfaat is, répulsion) ; to do away the neoessity 
of which» calorie has heen invented. 

On the theory of répulsive motion, it is évident that 
the gases (which M. Lavoisier and the French nomen- 
chitors have assuiiied to bc simple substances combined 
with calorie) must be either simple substances in the 
State of el^tic fluidity, or combLoations of two or mm 
simple substances. Hydrogen and nitrogen gas we 
have not yet been able to décompose; they are then 
relative to the présent state of our knowledge, simple 
substances. Oxygen gas, as will be hereafter proved, is 
composed of light and oxygen. 

Suice the word gas adopted by the French nomen- 
dators is intended to express the chemical combination» 
or rather .the saturation of bodies with calorid it is 
doubtless exceptîonable. The foUowing aiguments wil]» 
IvlliiDk» prove that it ought not to remain in the che- 
nieal nomenclature. 

Forfirst, bodies, wheii rendered from solids to fluids, 
ùom fluids to gases. are not essentially altered, their 
corpuscles are tàrther separated, that is, they move m 
greater space than before; but the body is equally 
simple, it has undergone no décomposition or combina- 
tion ; the word ^n that expresses the chemical combi* 
nation of bodies with calorie is improper. 

Secondly, Ail bodies with which we are acquahdted 
have certain t^^uantities of répulsive motion ; and they 
have différent modes of existence dépendent on their 
quantities of répulsive motion. The most common of 
Ûïeae modes are solidity, fluidity« and gaûty ; i^ each 
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of thèse states the bodies are cqually simple. The state 
in which they are found at the common température of 
tbe atmosphère» îs the Btate fiom which they dérive 
both their common and philosophie names. Now the 
Fiench Domenclaton have called ail simple substances 
(the gases excepted) by their common names, witfaont 
making aiiy altération to express their combination with 
calorie. They have called ail the metals, which are 
capable of ezistiug like other bodies» in thxee states, by 
their common names ; and on their own prînciples thèse 
bodies are combined with calorie. They ^onld there^ 
fine have distinguished them by names expressing this 
combination, and have called gold, mercoiy» and sol- 
phur, solid gold, fluid mercury, and solid sulphur, for 
the same reasons that they hav<3 giveri the names of hydro- 
gen and Rzotic pras to the mephitic and inflammable airs, 
which are probably metals in tlie state of elastic vapour.'*^ 
Thirdly» Those substances which have been called 
gases, nnî&nnly ezist in the statse of elastic fiuidity» at 
the common température of our planet Simple names^ 
without the addition of gas, would distingnish them 
from ail other substances. With the same propriety 
that we use the term hydro^en gas in chcmistry, we 
mîght make use of the ternis, solid ,Lr:(>ld, tiuid merciirr, 
and âuid alcohol. In treating of the changes made ia 

• [TUs Idea he afterwaidt oftea reverted to. The foUowing remarks 
ietotiiigtott«eflvlaaX4el«fft of ie06.<--*'Ciiiioeiiii^ fhe aipeet of 
hydiogea and nitrogoif conld they be obtained in the solid or fluid form 

it is impossible to rcason, since there ia no probablUty that we «bail be 
able to condense or compress them into tboso states; but their elastic 
form is iio jjioof thnt their nature is not metaliic. Mercury, zinc, and 
arsenic, are ail aeriform bodies at the red heat ^ and at tliLs température, 
as I hara ibvnd by several expérimenta, they are like the other gases, 
iioa«eondoetora of èleotdcity; they are tu diort, peculiar speciet of 
inflamattibleair.'^ 
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bodics hy the répulsive motion, we may wiih propriety 
vif^e the terms solid, fluid/ and gaseous, to express the 
différent modes of existence of the same body. But 
simple substances should be distinguished hj names 
ebûiictexistic of their ptoperties; compound substances 
shoold be distinguished by names expressive of the 
combinatioQ^ that is, of the substances forming the 
compound. In conformity to thcse piiiu iples, I lia 11 
omit any names signitying the pecuUar modes ot exist- 
ence of bodies; treatiug of substances^ I shall gÎTe tbem 
their. simple names, and bj thèse names I mean to 
èzpfess the state in which they ezist at the common 
température of the atmosphère. As for exemple^ in 
using the words gold, mcrcury, and iiydrogen, I mean 
solid gold, fluid mcrcury, and gaseous hydrogen. Oxy- 
gen gasy (which the f^rench nomenclators bave assumcd 
ta be oxygen combined with calorie) will be proved to 
be a substance compounded of light and oxjgen« It 
woukL be higbly improper to dénote this substance by 
either of the terms oxygen gas, or oxygen. The one 
would sigiiify that it was a simple substance combined 
with calorie, the other that it was a simple substance, 
the acidifying principle. The term phosoxygen (from 
light» 0^ acid» and generalor) will I think 

be unexoeptionable ; it will express a chemical combi- 
nation of the simple substance light» with the simple 
substance oxygen ; it will not materially al ter the 
nomenclature of the French philosophers ; and as will be 
seen hereaiter, it can be easily moditied to express, in 
conjunction with other words» the combiaations of light 
and oxygen.^ 

* [Refenring to the new tennt which he had ased in thèse eeeays, 

shortly after tîjeîr publication, hc remarks t — " I would wish to obicrrc, 
th&t no affectation of ûnifalarity indocw to uie a new nomenclature. 
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OF LIGHT. 

Light is a body in a pecaliar state of existence, lis 
particles are so amazingly minute, that they are very 
Ûttle aâected by gravitation ; and pass unaLteied through 
the pores of diaphanous bodiea. Thej move through 
spaoe vith a velocity almost inconceivable, and corn- 
municate no perceptible mechamcal motion to the 
smallest perceptible particles of matter.* l'rom the 
peculiar velocity of ligbt we estimate its quantity of 
répulsive motion. The influence of the attraction of 
gravitation on light is veij small, as is évident from its 
not apparently gravitating tomrds the son or the earth. 
The influence of the coheaiye attraction on its particles 
is likewise very small, as is évident finom their nnîform 
sepaiatiuii, <^c. ; but the répulsive motion acting on the 
corpuscles of ligbt is very great, as is apparent from their 
Velocities, and continuai separating motion. But as we 
hâve said before» the distances of the corpusdes of bodies 
fiom each other» and the velocities of their motiooSy are < 
in a ratio compounded of their répulsive motion and 
attraction. When the répulsive motion eminendy pré- 
dominâtes over the cohesive and gravitative attraction, 
the particles of matter will indefinitely separate, as those 

llieoiy or anangement of Ihefai dépends altogether on language, i. e. in 

applying certain genaral terms to a nnmber of similar ideas, or similar 
trains of ideaa : oonsequf^ntîy there cannot well be a new theory without 
a new nomenclature. Till my experimcnts on heat and lifrht are 
rendered iaconclusive, by numerous contradictory facta, or experiments, 
I cooisider my&alf as entitled to use my présent nomenclature for the 
combinations of light." — Nicholson's Journal, 4to. yoI. iU. p. 65.] 

• It will be by and provcd that tluy communicate portions of 
their répulsive motion to tbe corpuscles of bodies. 
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of light To distinguish this state of existence, pccuiiar 
to light» ûom those other bodies, we bave given it the 
name of re^ndnve jm^eetwn* 

Ught 18 die source of the moet numerous and plea« 
surable of our perceptions. Tbis tribe of perceptions 
ïs thus received : particles of light in the state of répul- 
sive projection ccinuig; in contact with the rctina, com- 
municate to it portions of their répulsive motion. The 
retina appears to be composcd of ner\'ous medulla and, 
as some suppose^ of initable âbre. The commnnicated 
motion of light either stimulâtes the initable fibre into 
contraction, which contraction is accompanied wîA that 
affection oi' the nerve correspondinfr to a sensation : ur 
the motion of hght conimunicated to tiie nerve itself ' 
p'oduces the sensorial affection. The former of thèse 
opinions is rendered probable by the experiments of 
Dr. Darwin on ocular spectra.* It is then necessary to 
our perceptions of light, that it exist in its' peculiar state 
of répulsive projection ; we consequcntly cannot perceive 
it bv vision in anv other mode of existence. 

It appears from experiment tliat our sensations of 
vbion are occasioned by the united impulse of a number 
of partides of light both synchronically and successively 
fiiUing on the retina. AU our différent sensations then 
must anse from dîfiêrences in the particles of light, their 
motions and numbtrs, or from diiferenccb îa some of 
thèse. 

Light passing through diaphanous bodies» is attracted 
by their particles, and the attraction of the particles of 
bodies for light is proportional to their density and corn* 
bustibility. The laws of the attraction of diaphanous 

bodies for light are the laws of réfraction which have 
been so admirablj explained hy the immortal Newton. 

* 8ee fhe end of Danvin's Zoonomia, Tol. i. 
rOL. II. C 
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He discovered that tbe partides of solar light arc not 
equafly attracted in passing thiough diffeient bodies: 
tkey are difiPerentlj refracted in paoung tlmnigh tfae 
priam^ and sepaxated into seven clanes of particles that 
produoe the sensations of red, orange, yellow, gree»» 
blue, iiidiato, violet. Tbis diffcrGiicc is easily accoimtcd 
for, by supposiiig that the partie K f of light in tiikiiig the 
State of répulsive projection, originally received a dif- 
férent répulsive motion. The red particles being sup- 
posed to vibratemth the greatest Telodtj» must be least 
attracted by tfae partidea of the médium through whioh 
they pass; the violet parddes morâg with the kast 
Telocity, most be most refinscted, and the difierent 
velocities of the intcniuMliatc coloring particles bciiig 
supposed, their ditiereut lefiaetions must be correspon- 
dent, which is found to be the case. 

Light is reflected firom bodies that it cannot penetiate 
or combine with. The sensations we veoeive firom le* 
flected ligfit aie eminently di£fefent A ooirespondence 
bas been long observed between the oolois of bodies» 
and the increase of répulsive motion in them ftom the 
action of light. This conxbpoiidence is a subject of 
great importance to physical science, and worthy of 
investigation. Heat has been proved to be a peculiar 
répulsive motion of the particles of bodies. Light is a 
hoàj, the partides of which are acted on by the greatest 
répulsive motion. Yiniien a body has its répulsive modon 
increased by the action of light, a portion of the repul* 
sive motion of light must be lost, a portion equal to 
that gained by the body acted on ; this is évident iruai 
"what has been said on the communication of répulsive 
motion in the doctrine of heat, 

To détermine accurately the correspondence between 
the increase of répulsive motion in bodies firom the 
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action of light, and their colors, I made the foUowing 
experiment : — 

EXPERIMENT IV. 

Six similar pièces of oopper»* of eqaal weight, nie» 
and deiuitjy "weie tbus odoredy ooe white, eue yellow^ 
one red, one gfeeD, one blue, «nd one hUdb A portion 

of a mixture of oil and wax, whicli bocame fluid at 
about 76°, was placcd on the ccutre of eac'h on the 
infcrior side. The y were then attached to a buard 
painted wiûte> and ao placed with regard to the suo, 
that their upper surfaces were equally expoeed to the 
ligfat. Their inferior satAcea, to whîch the cente wae 
ettached» were e<|iiaUy depxived of li^^t end heaC, that 
18, tfaey were eo exposed that there couM be no mie* 
take with regard to the répulsive motion gencrated in 
them hy the action of light. The changes of température 
in them from the action of light, took place in the fol- 
lowing order. The cerate on the black plate began to 
melt peroeptibly before the rest, the blue next in order^ 
theo the gieen and the red, and lasdy the yellow ; the 
white was scaroely M aU affected when the black was 
in a complète stale ef ftnion. 

This expcrimcnt proves that the incrcase of répulsive 
motion in bodies £rom the action of light, is great in 
proportion as the colors are dark. Now as our sensa* 
tions arise from the tmited impulse of a niunber of 
particlea on the retina, in proportion as the vibratoiy 
motions of thèse partides are greater or less, so in pro- 
portion mnst our sensations be différent 

It does not appear that reflected light is in any 
instance composcd oi particles thathave equal quantitics 

* Bach a Gubic tndi aquare, aad two Unes thkk. 

c2 
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of répulsive ioiu^on; the di£krenoeB of sensatioDS there- 
fore moet probably aiîse from the différences oocasioned 
in the vibrations of aU the particles, from their commu- 

iiicating to the reflecting; bodics portions of tlicir répul- 
sive motion, and not from the cominunicat ioii of the 
greater portion of that of some of the particles, that is, 
of those which are supposed in the Newtonian System to 
be absorbed. On this supposition the light reflected 
from white bodies (which maj be said to have the least 
capability of subtractîng the répulsive motion of light) 
mnst vibrate with the gréâtes t velocity, thaL is, mu-i be 
reflected nearlj unaltered. The particles reflected from 
dark bodies (which may be said to have the greatest 
capability for receiving the répulsive motion of light) 
communicating great portions of their répulsive motion» 
must vibrate with the least velocity, and ail the inter- 
miediate colours may dépend on the différent velocities 
of vibration. Their vibrations, though ot différent 
lengths, may be isochronous, and ail the particles may 
pass through rectllineal space in equai times. 

Bodies perfecUy black must subtract so much of the 
repulnve motion of light, as to deprive itof its répulsive 
projectile form. The electric fluid is probably light in 
a condensed statc, that is, not supplied witli the répul- 
sive motion suiBcient to give it répulsive proieciion. 
Its chemical action upon bodies is simiiar to that of 
lighty and when supplied with répulsive motion by fric- 
tion, or the contact of bodies from which it is capable of 
subtracting it» it takes the répulsive projectile form, and 
becomès perceptible as light,"*^ 

• [Sorac facts recently dii^covered might be addnced in favour of tbe 
abore view, — especially fhe resnlts of Hr* PearsealPs expérimenta on 
the property which belongs to eleetridty of Impartiiig phosphorMeeaee to 
hodtes. He fonad ttuit nany hodiet aot phoaphoretcent iii%fat be lea- 
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Though the temperatiire of the atmosphère, wLich is 
fotmd proportional to the light passing through maj 
in some measure dépend on tbe répulsive motion com- 
municated to it by opaque colored bodies; yet it is rea» 
sonable to suppose that tbe partides of Hgbt in passing 
through the atmosphère, lose smaU porticjns of their 
répulsive motion, which is the great cause of the atmo- 
spheric heat. Water, glass^ and other transparent bodies, 
axe capable of having tbeir répulsive motion increased 
bj the action of light ; and light in passing through them 
becomes coloured independent of decomporition. A 
body perfectly white appears colored in deep water, and 
Dr. lîalley, when in the diving bell, found that his hand, 
exposed to the solar light, became of a deep red. Is not 

dered «o, by passing through fhem an électfical dîBeharge;— «adtbat 
liodies àeptiveA of phoeplumMiaice from tbe eflRaet of heat^reeovered 
thcîr pboqilioKMence or power of enoitUng li^t tiy being èleotKiAed.}— 

Annales de tUdmîe et Phys. tom. 4&, 

[The idea espressed above of the conversion of light into the electric 
fluîd was amplîficd by tho author in the original tcxt; — thws, he 
remarks-. — " It is extromcly ])rnbable that tlie great quantity of thfs 
fluid nlmost every wliere ditfascd on oxir earth, is produced ir( iij tiie 
coudeasatiou of light, from the subtraction of its répulsive motion by 
black and dark bodies. This fluid continually formed from the conden- 
sation of light, is probably sgain flupplied irlôi repolalTe motion at tbe 
polee, by the nrolutiim of the eartti on it» aacii| and given off ht the 
form ninpvMre pK^eétfle Ughl^ whllst a qvaatily eqnal to that glTcn 
offUrom iti eqnililimtbig prindpleis rapplled oontinnally £rom the other 
part» of the globe. Henee the phenomexion of the auront horealis, or 
northem lights. No more sublime idea can be formed of the motions 
of matter, than to conceive that the différent species are continually 
chanKino: into faoh other. The gravitative, the mechanîcaî, and the 
répulsive motions, appear to be continually mutually producing tach 
other, and from thèse changes ail the phœnomeua of the mutation of 
matter probably arîse." Such vagueness of gaieralization was very 
èhaiaeteiietlo of hle "hifimt ipeeiilationf/' as waa also the direction in 
the ejTota to ttrike ont the passage, of the rapid progrew he wa* then 
nafciDg to a eonnder logie.] 
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the blue colour of the air a })roof tliat the répulsive 
motion of liglit is diminîshed in passiog through it? 
May not the atmosphehc tempentuiey and the relation 
of light in it be in a great measure owing to the water 
held in solution by the air» for the température ia lower 
in proportion as we advance higher in the atmosphère, 
and refraction does not take place abovc forty-five miles 
h\rrh, and we are certain from the phauioincna of fiery 
]]x tc()rsy tbat the atmosphère ejLteuds at ieast as bigh 
again. 

On the above mentioned supposition» ail oor infinitelj 
di£ferent sensations from reflected light must aiise fiom 
difierences in the nnmbera and répulsive veloeities of 
the partîcles, and ail ligiit, if we may appeal to our 

sensations, must be in some nieasure altered botii by 
reflectiou and refraction. 

Bodies that do not contain light in combination, and 
that are incombustible» under certain circumstances 
become luminous. 

To disoover the cause of the luminous appearance of 
incombustible bodies, it is necessarj to consider the cir- 
cumstances under whicli it takes place. Whcn glass, 
silex, argil, a mctaEîc oxyd, or any othcr iiicombustible 
body, is exposed to a strong light, as the focus of a lens, 
its température is graduaily raised, that is, its répulsive 
motion is increased. After a certain tîme it becomes 
luminousy white» or red hot ; and if it be now removed 
ont of the focus, it continues for some time to give out 
light, and to communîcate répulsive motion to the sur- 
rounding bodies, till the ec^uiUbrium of température is 
rcstorcd. 

Now when bodies havc their répulsive motion în- 
creased by the action of light, it is évident that the 
motion gained by the body is that lost by the light ; 
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and as a certain quantity of répulsive motion is essential 
to its répulsive projection, it niust, after cousicierable 
comiimnication of repukivc motion, cease to exist in 
tbat State* In its new Btate of existence it is probably 
not perceptible to any of oar leiiMi. We therefine in 
thia case eau onlj letwm from its efiects. The body 
continues for some time to give off light, «fter being 
lemoved out of the foc us ; li^ht thercibre must havc 
been condensée! iu some form around it, aiul f)eing gra- 
duai! y su|>plicd with répulsive motion Irom tiie botly, 
Aies off siowly in tbe répulsive projectile form, becomes 
perceptible as light, and is the cause of the pecoliar 
sensation known by the name of red or white bout.* 

From idiat bas been said» it is évident tbat li^t» 
both in the state of repnbîye projection, and in the 
fonn of the elcctric fluid, performs an important pari 
in the physical phœnomena oï Ûie un i\ erse. In any 
otlicr States tban thèse, we have not hitherto been able 
to detect it by tbe sensés; but we know not wbat 

♦ Thiâ thoory of the laminou^ npponraiu * of incombustible bttdies 
may bc eomparcd with Macqut r':* ami >iowton's. Fourcroy Stiy?, 
L'incandescence des corps incombustibles, telles que les pierres dans 

leiqiiélleB on ne peut point admettre la piCMnee de la faonkveeoniMnéey 
au buAd» oomme dam les eoipt laeooalmBtnileey a 6fe6 expliquée, d'ave 
manière très ingenloae par Haeqoer. BoiTant oe cfaemiste^ eDe dépend 
dee vibiatione fortes, exdtees dans les molécules de ces eorps par la 

daàknt} ces ylbrations dispose les particles de sorte que leur fkcettes, 
isans cesse agitccs sont autant de petit miroirs qui réfléchissent vers nos 
yeux les rayons de Inmiere, qui existent dans l'air pendant la nuit 
autant que pendant le jour, et qui ne sont insensibles, et ne produisent 
les ténèbres que parceque leur direction ne se fait paa sur les organes de 
la Toe."— ^owvrv^, Elem, 1. 1. p. 1S7. 

The immortel Newton tays, ** Do not ail bodies when heated beyond 
a certain degree émit light and sUne^and is not lliis enUa^n perfovmed 
1)j the yibratory motions of their parts,** fte.^See 9, and 10 queries 
at the end of his optics. The flnt eiperiment appean to o?ertam the 
limndation of theae théories. 
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we may be enabled to acoompUsh by means df a more 

extensîve and philosophie chcmistry. .V niimber of the 
éléments are already in our power, and the rapid pro- 
grcss uf the perfection of science seems to promise us 
the knowledge of those etherial fluids, which at présent 
élude the perception of our oigans» and are only known 
by their effecta.* 

The cheniicàL effeets of light are not leaa important 
tban the physîcaL Its combinations, bitherto abnost 
unnoticed, havc the highest connection (as will bc seen 
hereafter) with organic existence ; and the most as- 
tonishing and bcautiful of the chemical phœnomena 
dépend upon them. 

Light entera into the composition of a number of 
subatances. In some of thèse, the inooxnbuatible phos- 
phorescent bodies» it most probablj esists in a state of 
. looee combination, and tbe présence or absence of light 
does not appear to aller their properties materially. In 
phosoxygen (oxygen gas) it is intimately combiued with 
oxygen. 
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OF ÏH£ COMBINATIONS OF LIGHT. 



OF PHOSPHORESCENT BODIES. 

Certain bodies, after being for some time exposed at a 
high température to light, continue liiminotis for a con- 
sidérable length of time after this exposme. Such are 
many préparations of lime, the bolognian atone» &c. 
This phœnomenon is in some measoie analogous to the 
ignition of incombustible bodies. 

Liprht, it appears, is only susccptibU^ of combininpr, 
and of remainiug in combination with those bodies at a 
h^her température than that of our atmosphère ; at the 
common température it is liberated. 

The name of solar phosphori has been given to thèse 
bodies, in common with ail otbers that become lumînous» 
independcnt of combustion. 

Othcr bodies exist, which become luminous wlieii 
their répulsive motion is increased by communication 
of it from some bodies of a higher température. Light 
remains in combination with thèse bodies only at a low 
température. When their répulsive motion is increased^ 
the light is liberated. This décomposition appears to 
arise from the diminution of the chemical attraction 
between light and the body, by the répulsive motion, 
and from the supplj of a quantity of it sufficient to 

c 5 
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enable light to ûj ofF in the répulsive projectile fonn, 
Amoiigst thèse bodics are the différent couibinations of 
lime^ aiid particiilarly the iluate, (the colours of which 
appear to dépend upon combîned light,) difiSeient com- 
binations of baiytes, the sdphate of potaah, flome of the 
metaUic oxyds» ootton» woolf oilsy wax» alcohol» 
We owe the discovery of the greater nnmber <^ thèse 
phosphorescent bodies to Mr. T. Wedgwood.* We 
bave found that the sulphate of strontian, on an increase 
of température, gives ont a pale light. 

Tbere is a class of phosphorescent bodies» which give 
out their combined light on attrition» Amongst thèse 
are borate of soda, sulphate of aigil» tartrite of potash, 
and ail the nlidooe daes of atones, f This phos- 
phorescence may be accoimted for in the same manner 
as the lii^t species. 

Certain substances envc out their combiiied light on 
immersion into the minerai acids. Whcn magnesia| is 
thrown into the solphurîc acid, a light is libeiated 
which pfoducea a sensation similar to that known by 
the name of red beat. The same effect is piodnced 
when the nitric acid is used. 

During the combination of lime with the minerai 
acids, a flash of white light is unitormi y perceivcd ; the 
same effect is not produced during the combination of 
strontian and barytes with thèse acids. 

This phsenomenon appears to be owing both to the 
attraction of the acids^ and to the lepulsiye motion 
generated during the combination» a motion suffîcient 

* See bis iiigcniouâ paper in tlic Pliil. Tram. Ibr 1793. 
t For a fiirtber accoimt ût tiicw bodies, 
Wedgwood. 

1 1 wu infonned of fhis phatMoieiMm by Dr. Beddoet^ wholiad pre- 
Tlowly witmeesed it eevenl timet* 
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to give to the combined light répulsive projection ; for 
lime and m^ignesia become luDiinous when heated, 
which is not the case with strontian and barytes. 

It is probable that some of thecombivtible bodies are 
phospharescent From an ei^arinieiit of the Dutch 
chemists it appears that «ilphur in itB oommon state 
contains light This experiment, which bas bcen the 
subject of much spéculation, bas liecn several tiines 
repeated by Mr. Clayfieid,* (and once in my présence) 
with resalts différent ùom those mentioned by the dis- 
coTereis. When copper and sulphnr cautiously fieed, 
and included from phosoxygeu (oxygen gas) were made 
to combine by the heat of an argand Uunp, a Immnous 
appeaniucc was perceived du ring the combination, and 
a conaiderablc qiiantity of an incombustible gas^ mingled 
with sulphureous acid» was liberated. 

PhosphoroB i^peara to contain light. Mr. Clajfield 
has often made me observe, dozing the combination of 
pho8phoni8 and the earths» a fine yvnd light, wherever 
the phosphoric vapour came in contact with the earths 
heated red. 

The supposition that the combustible bodies are 
phosphorescent, may in some measure reconcile the 
phlogistic and pnenmatic théories with each other* 

The phosphorescence of certain insects and putrifying 
animal substances will be treated of in the theory of 
respiration. 

AU the above mentioned phœnomeua equally take 
place in any gas^ and appeai to be perfectly independent 
of combustion. 

* It Is to bc hoped tliat t}ii9 ingénions choiiîit will jKHm {ubUsh a par* 
ticnlar account of it. 
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OF PHOSOXYGEN, OB OXYGBN GAS. 

This gas (fîrst discovered by the immortal Fiie&Ûey) 
the preat Lavoisier suppofled to be oxygen comblned 
'with caioricy and on this suppoeitîon his theoiy of com- 
bustion 18 founded. The non-existenoe of calonc« or 
the fluid of heat, bas been pioved^ and the materiality 
of light demonstrated. 

Lie^ht is liberated during the oxygénation of certain 
bodieSj as the foUowing expérimenta will prove. 

EXP£IUM£NT V. 

The Tepulnye motion of carbon in contact with 

phosoxygen (oxygen gââ) was increased bj a borning 
glass, till it became luminous ; the carbon was rapidly 
dîminished witli the libération of a great quantitv of 
light; the température of the glass globe containing the 
phosoxjgen (oxygen gas) was veiy much incxcased, and 
a veiy small diminution of weight* was perceived* 

♦ The following mode of ascértaiaing the diminution of weight was 
adopted in thèse experiments. The combustible body was suspended in 
a imall etrâien cap, in a glass globe flUed «iih plioM^gai. This 
globe was heatod to dtj it perfeetly» attached to a belaiice, and aeea- 
latély weighed before combustion. Tb» combitstible body was flred by a 
burning-glass. During eombustion the globe always rapidly ascended 
from the raréfaction of the surronnding atmosphère. Affcer combustion, 
■w'hpn fho rominon température was restored, thcre appoared an évident 
ginail ilimiuution of weight. "^l'iiin diminution was too siuall to be e^sactly 
ascertaiued by the balance I madc use of, and appeared to be différent 
in di£ferent processes. 

[It isbaidly neeessaiy to obssm, tiiat in this and the ftllowing in- 
stanees, In wUch ii waa sappaaed that theré was a loss of wd^^t firom 
the emisiion of light in eomlmstian, the authnr was in enor, probably 
deeelTed by tbe imperfeetfon of hls appaiatos and mode of cxperi- 
nentliig.] 
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The phosozygen (oxygen gas) and carbon were almofit 
entirely consumed, and a quantity of carbonic acid was 
fonnedj appatentJy nearly equal to the catbon and 
phoeozygen. 

EXPERIMENT VI. 

The température of phosphonis in contact with 
phosoxjgen was raised by a buming glaas: it imme- 
diately became lominous* An immense quantity of 
light /W88 lîberated^ and the temperatove of the sur- 
rounding hodies veiy mueh incieased. A deficiency of 
-wei^ht was observed, a deficiency more considérable 
thaii I iiave found in any other combustible proccss ; 
and phosphoric acid nearly equal to the phosoxygen and 
phosphonis was fonued, 

£XP£BIM£NT VIL 

, Sulpbur was heated in phosozygen. It rapidly dimi- 
nished with the libération of a great quantity of light, 
and great increase of température in the surroundiiig 
bodies. After combustion a small deficiency of wcight 
was found; and suiphuric acid nearly equal to the 
sulphur and phosozygen employed» was formed. 

£XP£RIM£NT VIIL 

The température of hydrogen in contact with phos- 
ozygen was raised. The gases were diininished with 
great libération of light, and great increase uf tempéra- 
ture ; and water nearly equal to them was fonned. 
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EZFEBIMBNT IX, 

Zinc wa;. iieatcd in contact with phosoxyçren : it 
became iuminous, and was consumed with a wiiitc bril- 
lîatit flame. The substance remaining after combostioii 
W9S vrhite ox jd of Zinc. 

EXFEBIMEIÏT X. 

A small gun^locky armcd with an excellent âint, was 
snapped in a vcssel filled with phosoxygen* The 
sporica of light ariaing fiom the particlea of ateel sepitp 
rated by coUiaion^ were the moat brilliant tfaat can be 
hnagined ; and ihese particlea ezamined by a magnifier» 
were found converted into black oxwl ui irun.* 

Irom thcsc cxperiments, it appcars lhat in the 
chemical process of the fondation of many oxyda and 
acids, light la liberated» the phoaoxygen and combus- 
tible baee conaomed^ and a new body formedj with pro- 
perties esaentiaQy dîfferent firom the sabetances entering 

into the combinatiou. Since li^^ht is liberated in thèse 
processes, it is évident that it must be liberated either 
ârom. the phoeoxygcn or from the combustible body. It 
appcaiBy as we bave befoze said, that small portions of 
light are contained in some of the combustible bodies ; 
but it appeara to be accidentai, and common to them 
"mûi incombustible bodies ; for their properties are not 
apparently altered when it is diiven from tliem by 
increaaed répulsive motion ; and we have no reasona for 

* Thia ezperiment, oompated wifh fhe lint, will afford a strong proot; 
aot only of Hhe compo4tioii of pbOBoxygen, but likewîie of the doetrine 
of wpiùàm motion. 
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eupposing that carbon, hydro^en, or any of the metals 
contain thc smaliest portions oi light. 

If the light lUierated in combustion be supposed 
(acGordîng to Macquer'a and Hatton*0 théories) to axiie 
fiom the combuBtîble body, then phoeoxygen must be 
ooDsidefed ai a simple snbatanoe; and it foUows on this 
suppoaitioo, that whenever phoaoxygen combines with 
combustible bodies, either directly or by attraction from 
any of its combinations, light must be libcratcd, which 
is not the case, as carbon, iron, and maiiy otlier sub- 
stances» may be oxjdated bj the décomposition of 
watMVwithout the libération of light 

Thèse expérimenta wiU appear more condusive when 
the syntbetîc experiments are considered, and the whole 
theory examined* It appears that whenerer bodies 
siiiiply combine with oxygen, light is liberated. There 
are bodies that coiii])nic with oxygen and portions of 
light, as will be hereailer proved, and others that com- 
bine with phosoxygen. 

Combustion is a oomplex chemical piocess. The 
décomposition of phoeoxygen by the attraction of a 
body Ibr oxygen. The light is generally liberated in 
the répulsive projectile fonn, and the oxygen combines 
with the attractiiig body to form an oxyd or acid. The 
great increase of température arises from the diminution 
of capacity in the combining bodies, from the répulsive 
motion generated during the comhinalion» and from the 
concentrated liberated light 

It is probable tliat there are some décompositions so 
slow, that tbe generated repnlsiTe motion îs not 
sufficicnt to give to light rcpulsivc projeclion. A few 
metallic oxydations appear to be ot" this nature, 

The light liberated in différent combustivc proccsst .s, 
assumes very différent appearances. Duiing the com* 
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bastion of bodies tlut remain solid or âiiid at tlie tiaor 
perature of combînatîon, the sensation giyen by the 

liberated light is tliat which has been called a red or 
white heat If the ( oinbustiou procceds but slowly, the 
red heat is produccd, if more rapidly, the white. In 
the combustion of bodies that are gaseous, at the tem- 
pérature of combînatîon, the sensation known by the 
name of âame is produced by the liberated light Thèse 
difierent sensations dépend, most probably, on the 
rapidîtj of combustion. The light must be Ëberated 
slowly when pliosoxygen is dccomposed by solids or 
fluids, and much more rapidly in the décomposition of 
gases. 

The différences in the colors of the liberated light, 
must aiise from différent répulsive velocities giyen to 
the partides. 

Since light and heat are totally distind^ it is évident 
that the names red and white heat, are improper, as 

applied to différent niodilications of Hght. Pliilosophy 
demands a more uneqiiivocal nomenclature. The red 
and white heat might be calIed red and white slowly 
liberated light As flame is a single word that can 
signify nothing but a modification of lighl^ it may with 
proprie^ be retained in physicai language. — To explain 
the phsenomena of combustion^ on their theory, the 
phlogistians were obliged to consider ail combustible 
bodies as combinations of différent unknown simple 
substances with the undemonstrated phîogiston ; and 
phosozygen, or vital air, a simple substance. This 
theory tended to confuse science, by referring to many 
nnknown substancesy to account fi>r phsenomena which 
evidently dépend upon known ones. The phœnomena 
of combustion, and the generated încrease of tempéra- 
ture, arc easily explained on the theory of répulsive 
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motion, and on that of the composition of piiosoxygen, 
and onlj one unknown princiide is admitted, namely, 
oxygan^ vhich we hâve nerer been able to obtain in its 
simple State, on accoant of its strong attractioii for light 
and other substances ; but whose existence is perfecU j 
demonstrable. 

Tiic theoryof the iiiuiiortal Lavoisicr and the ingénions 
Frencli nomcnclators will evcr be admircd by chcmical 
phiiosophers. It appears, indeed, to be possessed of 
thèse defects alone : the assomptîon of the imagînary 
fluid calorie» the total neglect of light. According to 
the calorists, combustion ought always to take place 
when the gases are condensed; but it is found that 
none of the gases, (except those of which phosoxygen 
is a couiponent part) however rapid thcir combinations 
or décompositions, produce the smalleat coiubustidii, or 
libération of light» when ammonia and carbonic acid 
(whose united capacity is much greater than that of 
phosoxygen and phosphoms) combine^ no combustion 
is produced» and the increase of température is less 
than might be expected from so great a contraction of 
volume. 

The proofe of the composition of phosoxycren founded 
on synthetical expehments, are no less couciusive than 
those deduced firom the analy tical ones. It will appear 
that Ûie pretence of hght ù aàaolutekf essenttal to Ike pro- 
duction ùf photosetfffen firom pure oxyd» and addi» 

Of those substances that bave been heretofore distin- 
gulshed by the common name of ozygen attractors, 
there are some, as lias been beforc saitl, that wholly 
decoTri|)ose pliosoxyeren by attracting the oxygon, with 
which they combine, whilst the light is liberated. 
Thèse oxyds are difficult of décomposition by light 
alone, as is iteasonable to suppose, and if at ail, at a 
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much bigher température tlian ol" that of tîicir combina- 
tioa with oxygen. The oxyd of lead is decomposable 
with lesB light» and mth ieas increase of répulsive 
motion, than piobably any of the other oi^jdi^ as wiU 
appear fiom tfae foUowing observation:^ 

Obsbbtation a. 

When pure oxyd of lead is iieated as much as possible, 
included from light, it remaios unaLtered; but when 
ezposed to the light of a buming-glass, or even of a 
candie» phosoxygen îa geneiated, and the métal revi- 
Tified 

In tfaÎB procefls ît b neeeaaaiy that the température of 

deoxydation be greatcr than that of oxydation, as 
oxygen, at a certain température, bas a stion^T^er attrac- 
tion for lead than for light ; but at a higher température» 
it attracti light itionger than lead. 

But hw expérimenta hâve heretofore been made on 
the revmfication of metallic o^^da by the simple appli^- 
eation of beat and light. In the common proeessea 
they are restored by placing them in contact with 
bodies that bave a stronger attrai lion for oxygen. 

From tbe observation on the juire oxyd of lead, and 
those which havc been made on the otiier oxjdfi» it 
appears that light is absoiutely essential to the gênerai- 
tion of phosoi^gen from pure oxyds, and tliat ^oa* 
oxygen is never prodnced from ïkem, but when lî^t is 
présent 

The substances that pardally décompose phosoxygen, 
that is, that combine with oxygen aud portions of light, 
are more easily decomposable by light. The attraction 
between the base and oxygen is weakened by the 
attraction of light for oxygen ; and the addition of a 
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small quantity of light effects the decoiiiposiiiioii ; ]ihoa- 
oxyg^n is formed, and the phosoxjdable base remams 
pure» aa the foilowiDg observations will prove* 

OBSBRyATIOK b, 

Oxyprenatcd muriatic acid is a coini»oiind of muriatic 
acid, oxygeu, and light, as will be hereatler proved. 
The combined light is not sufficient to attract the 
ozygen firom the base to form phosoxjgen; bot its 
attraction for ozjgen renders the acid easily decom- 
posable. If thîs add be heated in a dose yessel, and 
light ezclnded, no phosoxjgen îs ferme d ; but if it be 
exposed to the solar light, plioûuxygen is formed, the 
acid loses its oxygen and hght» and becomes muriatic 
acid. 

Now sincc light, by prodadng répulsive motioa 
cannot» as is évident from Ûie first part of the last expe> 
liment, décompose oxygenated mmiatic acid, it ia 
évident tbat it mnst act chemically, that is» by oombi* 

nation ; it must attract oxygen and light fiom the acid> 
and this combination is phosoxygen. 

O^ERVATION c. 

If nitric addy wfaich is componnded of oxygen light» 

and nitrogen, (as will be hereafter proved) is exposed to 
the solar light, phosoxjgen is formed, and the acid 
reduced to the state of nitrous acid, that is, is deprived 
of a portion of its oxygen and iigkt. 

Observation <L 
The yellow oxyd of tungsten consists of a peenliar 
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metallic base, oxygen, and piobablj a small portion of 

lighi. If this oxyd be exposed to the solar light, pho8- 
oxygen is produccd, the oxyd loses weight, and be- 
cornes blue. 

Observation e. 

The green pnissiate of iron^ exposed to the solar 

light, gives out phosozygen, and beoomes blue. 

Obsebvation / 

If the oxyds of gold or silver be exposed to the solar 
light» phosozygen îs prodaced, and the metals deoxy- 
dated. 

From thèse observations it appears that light is essen- 

tial to the production of phosoxygen from oxyds and 
acids; and the quant ity of light cssential, appears to be 
inversely proporLional to the quantity contained in the 
comlnnation. The substances that contain portions of 
light combined with thcîr oxygen, aie easily reviTi- 
fied by a small quantity of light, and a small incxease 
of repulsiye motion. The oompounds, on the contraiy» 
that are pure oxyds^ that îs» which contain no light, as 
tlie oxyds of iron, nickel, &c. rcquiie large portions of 
concentrated light, and a great increasc of température, 
to producc from the m phosoxygen. 

Certain combinations of oxygen cannot be decom- 
posed by the simple élective attraction of light for 
oxygen. Thèse require for their décomposition the 
united force of two attractions : that of light for oxygen, 
and of some substance for the oxydable base. 

^Imong thèse substances are water and caibonie 
acid. 
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Water» as îs proyed hy the tenth experîmekit» û corn- 
poaed of oxvgen and hydrogeti. When the oxygen of 

phosoxygcn combines with hydrogcn to form water, 
light is libcrated. Water is decomposed hy two attrac- 
tions; that of light for oxygen^ and of a certain 
hydrogen attractor for hydrogeiï. 

The marine 'crypto^^mi», vegetables^ and a number 
of other substances^ attract hydrogen. That the marine 
cryptogamiœ* attract hydrogen, is évident from their 
analysis. I have found that thcy afford, w hen decom- 
posed by répulsive motion, amongst other products, a 
considérable quantity of hydrogen. This hydrogen, as 
they are nourished entireiy by water, or by substances 
héld in solution by water, it is reasonable to suppose 
they somehow gain from the décomposition of water. 
To removo all doubt, however, conccrnîng the attrac- 
tion of tbc marine cryptogamiae for iiydrogen, I made 
the followiug experiment. 

£XP£K1M£NT XL 

One cubic ineh of conferva fœniculacea was put into 

a vessel coiitaiiiiug thirteen cubic inches of hydrogen. 
It remained in a tcuipcrature of 58° for six hours, and 
at the end of that time was examined. The hydrogen 
was diminished eight-tenths of a cubic incb. I could 
get no balance sufficientlj accurate to détermine the 
weight gained by the plant. 

As the marine cryptogamiœ cannot be obtained per- 

• I havc prcfcrred giving an accoimt of the décomposition of water 
by tixc marine cryptogamia;, to that effected by the végétation of land 
plants, bofh sa ft 1s a fret heretofore «dmown, and as, ttcm the inferl» 
ority of fheir organic powec», fhelr chcmlcal attractkm may bo mort 
fcadfly adiDltled. 
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fecdj dry in thcir végétative state, it was necessary to 
prove that tbe hjdrogen gas diminished was not 
absorbed by the water in contact with the plant. For 
thb purpose two phiàlfl^ containîng each 13| cnbic 
incheSy were Med with hydrogen. One cabie inch of 
conferva fœniculacea was inserted into the one, and two 
cubic inches of ^vool, prcvionsly wetted, into the other. 
The qiiantity ot u:as in each of them was then accu- 
rateiy detcrmincd. The phials were inyertcd in the 
flame vessel of water, and at the end of twelve honts 
examined. The diminution of the conferva was near 
a cubic inch and qusrter ; by the wool and water, not 
more than thiee-tenths of an inch. 

Tliis cxperiment provcs that the marine cryptogamiœ 
attract hydrogen ; but thcir attraction is A\eaker than 
the attraction of oxygen for hydrogen, as it is found 
that seaweeds, or vegetables of any kind, placed in con- 
tact with water, and deprived of light, efiect no altération 
in it as long as thej retain life. Water, consequently, 
îs not decomposed by the simple élective attraction of 
bodîes its hydrogen. 

The attraction of a body for hydrogen does not effect 
the decomposiiion oi water, when assisted by an increase 
of repuibive motion, as the foilowing experimeut wiH 
prove. 

EXPEBIMEKT XIL 

One huiidred and four cnbîc inches of water, previ- 
ously boilcd to expel the atmospheric air, were heated 
with three cubic inches of conferva fusca, in a vessel 
firom which light was excluded. The température was 
graduaUy raised to 200^ ; but not moce than a few 
globules of gas were formed, which by trial with nitrooa 
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gas proved to be of the same qualitj as atmoapheric 
air. 

Water ezpoaed to the aolar light in contact with the 
marine cryptogiinm» or any ofganked hydrogen 

attractor, is decomposed by the force of two attractions ; 
that of the hydrogen attractur for hydiogen, and of 
light for Qxygen, as the iollowing experiment wiU 
prove. 

£&P£RIM£NT XUL 

Into a green glass globe contMning 214 cubic mdbet 

of sca-water, previonsly boiled to expel the atmospheric 
air, onc cubic inch of conferva littoraHs was iiiberted. 
The globe was inserted in a jar of water of a similar 
kind» aad exposed in a brigbt sunshme foi four houis. 
In tbis time five cubic inehea of gas were fonaedi 
which by triai with nitrons gas, proved to be parts 
phosoxygeiv and -^^^ asote** lïie next daj the globe 
was exposed to a bright sunshine for three honrs. Two 
cubic inches, and fiv6-tenths were produced, which by 
trial w ith ni trous gas, proved to be -yYV pliosoxygen, 
and -jVo î^zote. The day after, the globe was exposed 
for five houis; but the sky was often clouded, and 
theie fell some showers. Three cubic inches were 
fonned» of the qnality of phosoxygen and -f^ 
asote. After this, ail the gas fermed» contûned £rom 
^^p^ to of phosoxygen. The other gases liberated 
with the phosoxygen, appeared to be nitrogen and 
carbonic acid: at the latter part of the experiment, 
there was some indication of the présence of hydrogen. 

* By azote, I mean a gas incapable of dimiautioa with nitrons gas ; 
I baye always caUed tbe gas lo wUch thfi Frendi nomenclators giT« 
the omne of asote, aitiogen, afier Chaptal» and some EngUsh chemiats. 
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The whole quantity of gas produced firom 214 cubic 
inches of water, in thirtv-sîx hours of sunshine, was 46 
cubic inches of the meaa (|uality of -^^f^ phosoxygen» 
and -^^jf of a gas or gases uadiminiâhable bj nitrous 

gas. 

I have made a number of experiments on the decom- 
pôsidon of water and carbonic acid by the marine crjj^ 
togamitty &c. the particulars of whidi it is unnecessary 
to mention hère. I shall give an account of them in an 

essay on the génération of phosoxygen. A few obser- 
vations nuvde iii the course of thèse experiments, vnW, I 
think, afford additiunal j)rootk ui ilic theory delivered in 
this essay ; and thcrcfore I bhall relate them. 

First, An increased or diminished température pro- 
duced no sensible différence in the prodaction of gas. 

Secondly, A yery strong artifidal light acted nmilarly 
in the production of gas, to the solar light 

Thirdly, The capillary, dark, coloured, and opaque 
confervae, generated more and better gas, than the 
white or pelliicid. Tlie confcn-a} generated more and 
better gas than the ulvœ, and the ulvœ more than the 
fuci. 

Carbonic acid is not decomposable by light alone. 
No altération is effected in it, though ezposed fox any 
length of time to the solar rays ; nor is it decomposable 
by vegetables; which, as is évident from thcir analysis, 
attract carbon in large quantitics. Thèse facts I have 
proved by experiments, of which an aceount will be 
given in an essay on the génération of phosoxygen. 

Carbonic acid is decomposable by the force of two 
attractions ; that of any vegetable base^ or carbon 
attractor for its carbon ; and that of light^ for its 
oxygen, as the foUowing experîment -will prove. 
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ËXPBBIIIENT XIV. 

A plant of Arcnaria Tenuifolia plaiited in a pot 
iilled with veiy dry eartb» was inserted in carfoonic 
acid^ under meicuiy. The i^paratus was exposed to 
thç solar ligbt, icft four days succeasively, in the month 
of July. By this time the mercury had ascended 
considerably. The gas in the vcssel was now measurcd. 
There was a dcficiency oi one-sixth of the whole qnan- 
tity, After the carbonic acid was taken up by potash, 
the remaining quantity> equal to one-seventh of the 
whole» was phosozygen ahnost pure. From this ezpe-«> 
liment, of which a iurther détail will be given in an 
essay on the génération of phosoxygen, it is évident 
that carbonic acid is dccompçscd by two attractions ; 
that of the vegetable for carbon, and of light tbr oxy- 
gen : the carbon combines with the planta and the light 
and ozygen combined are liberated in the fonn of 
phosoxygen* 

Thus we have direct synthetical as well as analytical 

proofs of the compusition of phosoxygen. It hds beeii 
demonstrated then, that pliosaxt/^en is light combined 
with oxygen, 

I bave heretof<»« possessed no balance suffîciently 
accurate to détermine ezactly the deficiency of weight 
from the light liberated in différent combustive pro- 
cesses. It is probable that light is liberated in an inn 
perceptible form in some coml)ubtions unaccom]>anied 
with great génération of répulsive motion. In thèse 
processes we can détermine its libération only from the 
defidency of weight perceived, 

It would probably throw much light upon the pro- 
pertîes of the différent oxyds and acids to détermine 
the quanti ty of light entcring into their composition. 

VOL. U, D 
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The active propeities of thb substance may in a great 
measure influence the effects produced by the bodies 
inio whose composition it enters on the organs of 

sensé. 

If it were possible to détermine with accuracy the 
deficicnoy of weight in combustion arising from the 
liberated light, we might be able to discoyer the quan- 
tities entering into the composition of the acids. 

Independent of the great use of phosoxygen, as the 
pabulum vitœ of organic beings, it is of the greatest 
importance to man simply considcred as the su {i} «lier of 
light and heat by combustion. On the décomposition 
of phosoi^gen by combustible bodies, the greater por- 
tion of àie coioforts and luxuries of iife dépends. 
Without combustion man might bave wandered for 
ever barbarous and oncÎTilised in his native déserts. 
By the help of combustion the artist and manufacturer 
fabricate the tools, by which we erect cities, subdue 
and cukivate the earth, and directly dérive our support. 
Assisted by combustion. Commerce erects the stately 
vessely subjugates the océan, showers plenty over every 
nation, and connecta mankind together. By the arts» 
dépendent on combustion, science and philosophy, no 
longer confined to thinkii^ individuals^ ezist in cha- 
ractera. The press has made them immortal, and will 
ever continue to extend thcir bénéficiai influence. And 
lastly, aided by combustion, the sane de votes to philo - 
sophy the solitary hours of midnight, pursuing those 
combinations of ideas, which, producing inventions, 
improve and ameHorate the condition of man« 

I am inclined to believe fiom some circumstances, 
observed in the course of thèse ezperiments, that light 
and oxygen combine in différent proportions. This 
opinion at présent I am not able to demonstrate expe- 
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rimentally ; but I think it is countenanced by a num- 
ber of filets. The phœnomena obeerved in the higher 
régions of the atmosphère render tfais supposition 
extremely probable. Respiration is painfbl on the 

tops of high mouiitams, and an inflanimatory state of 
the System is indiiced ; combustion is carried on witli 
greater lacility and at a lowcr température than on the 
plaîn^ as M. Saussure found that carbon caught fire 
sooner and bomt quieker on the top of the Alps than 
on the plâin beneath. Fiery météore appear at an 
amazing height in the atmosphère, mnch beyond that 
at whicli the solar rays are reô^cted : * and thèse me- 
teors most probably arise from the formation of water. 
'We cannot account for thèse phaenomena on any com- 
todn principles. I^osoxygen and Nitrogen are inti- 
mately combtned here below ; and they expand» when 
acted on by an increased répulsive motion in the same 
ratio. Now as the vokmics of elastic fluids are in the 
inverse ratio of their eomprt ssln<; ^\ c"ight ; if phosoxy- 
geu and nitrogen be supposcd to compose the whole of 
our atmosphère, then must the quantity of phosoxygen 
in the atmosf^ere decrease in proportion as the heîght 
inereases. 

On this supposition the ph»nomena are totally inex- 
plicable. For a deoxygenated f atmosphère, instcad of 
generating an inflammatory state of the System, tends 
to diminish it ; combustion is carried on with ease and 
rapidity in proportion as the quantity of phosoxygen is 
greater ; and if the atmosphère at 90 miles high be 

• One of thèse was computed by Dr. Hallej to be above ninety miles 
high. 

t Nor «iU the ftobitraetioik of prcisiire from tho tmnn^ account 
Jbr thlf iAflammatory ttate <^ the System, at action and leaetioii are 
eqiiial. 

D 2 
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suppoeed to be composed of cminently rarcfied air, it k 
almost impossible that combustion ootild bc carried on 
there. Thèse difficulties can be got oyer with oase on 
the supposilioii) that li^ht and oxjgen combine in dif- 
férent proportions. Liglit, continually acting upon the 
phosoxygen of the atmosphère, may coiiibinc with por- 
tions of it, and form a liuninated phosoxygen ; which 
must necessarily be of less spécifie gravity, and easier 
of décomposition tfaan phosoxygen ; and this gas, from 
its small spécifie gravity, and probably still fivtfaer com- 
binations with light^ may extend to an amaxing distance 
-fi^oin our planet. 

The higlier région» of the atmosphère being supposed 
to be ûUed with this gas, combustion must take place 
on the tops of mountains at a lower température than 
on the plain» and with a greater libération of light \ 
•because the phosoxygen Uiere is combined with a 
greater proportion of light. Respiration must become 
painful, and ;in iailarnuiatory state of the System be 
indueed ; because the blood becomes supersaturated 
with light ; which, as will be proved in the theory of 
respiration^ is probably in a pecuUar manner one cause 
of inflammation* The rays of light are not refiracted 
in the atmosphère àbove 45 miles high, because beyond 
that the atiiiosphere is aniazinglj rare, being composed 
of phosoxygen highiy luminated. Hydrogen ascends 
in the atmosphère, till it cornes in contact with highiy 
luminated phosoxygen probably of the same spécifie 
gravîty : the oxygen loosely adhering to the lîght, is 
attracted firom it by the hydrogen at the common tem- 
pérature of the atmosphère to form water, whilst the 
light is liberated, and hence the phœnomena of fie ry 
paeteors at a very great height. I have invented cxpe- 
ximents for the investigation of this opinion ; and I 
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hope to be soon poBseflsed of the meana for their exé- 
cution* 

From the great quantiiy of light liberated in many 

combustive processes, partie ularly lliose in which the 
phosplioric, sulphuric, and carbooic acids and water are 
formed, we m&j iairly conclude that phosoxygen 
whollj decomposed in thèse processes; the light libe- 
rated and the o^^en attracted by the base ; yet there 
are others» as wîll be bj-and-bye proved^ in wMch there 
is only a partial décomposition of phosoxygen. In 
thèse only a portion of light is liberated, whilst the 
other part united to the oxygen combines with the 
attracting base. Ând phosoxygen (oxygen and light) 
often combines with bodie6> without décomposition* 
Thèse substances» which are now to be treated o£ are 
combinations of light, oxygen and bases.* 

We bave been obliged to form a new iiomenclature 
for the combinations of phosoxygen ; ncither that of 
the pMogistianSy or of the calorists, would express their 
composition with accuracy. On the modem principles 
of chemical nomenclature ail compound substances 
should be distinguished by names characteristic of the 
substances forming the compound. We have endea- 
voured to adhère to this plan. Ail the combinations ol 
phosoxygen that have acid properties, are denoted by 
the names of phosacids ; those which have no acid pro- 
perties» are calkd phosoxyds, By thèse tenus, the 
compounds of light, oxygen, and baseSi will be suffi- 

* From the expcrimcnts related by fhcmical m ri ti rs on the metallic 
oxy(Î3, one can draw no certain conclusions conccrning tlie liglit libe- 
rated in oxydation. The pecnliar properties of thèse bodies and their 
use8, haye been more attended to thau the procesd of oxydation.— 'I 
intend as loon ai an opportiinity cÊén to engage in a set of expérimenta 
on oxydation» 
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ciently distingiashed from the combinations of oxygen 
and bases vrhich are simpljr called oxyds and acids. 

The tenniiurtioDa eus and ie» after the principles of 
the Frendi nomendalon^ will aigmfy die différent 
qaandties of plioeozygen entering into tbe composition 
of the phosoxyds and phosacide. The names of the 
acidifiable aud oxydable bases are nearly the samc «us in 
tho Frcnch nomenclature. Wc havc substituted nitru- 
gen tbr azote, after Chaptal, Pearson, and some other 
chemists. 
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C0HBINATI0N8 OF PH06OXYOBN. 



Substances tbat com- 
bine witb PImn- 
oxygen. 


COJJBl h AXIONS OF PHObOAYUtA WITH 
SUBSTANCES. 


NEW AND OLD 
NAMBS. 




Olil» irAlCM. 


Nitrogen . < 


1 Nitrous Phosoxyd 

2 Nitric Phosoxyd 

3 Nitrous Phoeacid 

4 Nitric Pbosacid 


1 OaseousOxydof AzoU' 

2 Nitrous Qas 

3 Nitrous Acid 

4 Nitric Acid 


Miifiatie Add 

iMatiiia . . . 


Mulatic PhOMd4 

Platinic Phosoxyd 


Oxygenated Hniiatk 

Aoi<l 
Oxyd ol Plaiina 


GoM . . . 


Awric PboKKKyd 


Oxydof Qold 


SiWer . . . 


Aii^tlc FhOMxyd 


Oxyd of SHver 


Mercury . , 


M ercuric Photozyd 


Red Oxyd of Hercory 


Letd. . . . 


Fhnabic Phososyd 


B«dOzydof Lead 


Tungsten . . 
Manginew. . 


Tunstic Phosoxyd 
Mufiiieiic Phoeoiyd 


Yeiiow Oxyd of 

Tuonten 
Oxydof ICangancse 


CI1101D6 • • 


Chnomic Pbosacid 


Aeid of Chrome* 


Cobalt . . . 
Other MetelB. 


Cobaltic PhoMxyd 
Qaere 


Roee-colotured Ozyd of 

Cobalt 
Qnere 



* This Acid hM been lately diâcovercd by Yauqueliu in the red lead 
of Siberia. 
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COMfiiNATlONS OF THE NITROUS ANU NITRIC PHOS- 
ACIDS WITH SUBSTANCES. 



SuiMtancei thot co?n> 
bine wUh the Ni- 
traoa Hid Nitric 



oombutatioiis of the nitbous anj> nitric 

PHOflACIOS WITH SUBSTANCES. 



KE^V AXD OLD 



NEW VAMU. 



Barytes. 



Strontiané 



PotasU . . 



Soda . . 



Urne • • 



Anunoiiiâ • 



AiipUa 



Phosnitrite ) 
Phosaitrate 
Phoanitrlte ^ 
Phosnitrate ) 
Phosnitrite | 
PhoMiitrate ) 



j of Barytes 



of Strontian 



of Pota&b 



Phosmtrite ) 



Phosnitrate 

Pliosnitrite ^ 
Phosnitmte) 



Soda 



of Lime 



MetaUic Ozyds C 
and Pbosoxyds ( 



Phosnitrite ) 

Vof Hagnosia 
Phosnitrate) 

Phosnitrite 1 

Phosmtrate ) 

Phosnitrite ) 

Phosnitrate 
Phosnitrites 
Phosnitrates 



OLO VA11B8. 



Nitrite 
Nitrate 
Nitrite 
Nitrate 
Nitrite ) 
Nitrate 
Nitrite 
mtmte 
Nitrite 
Nitrate 



1- 

! 



Barytes 



of Strontian 



>of Potaâba 



of Soda 



Nitrite ) 

tfagnesia 



of Amnumia 
j of Argilla 
I of Metals 



Nitrate j 
Nitrite 



I of Ammonia 

Nitrate ) 



Nitrite ^ 
îtrate 3 



Nitrate 
Nitrite ) 



of Argilla 



Nitrate 



jof 3 



Metals 
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COMBINATIONS OF PHOSOXYOEN. 
C0HBINATI0N8 OF NITROOBN WFTH PHOSOXTOBN. 

NiTROGEN forms bcventy-two hundrcd parts of tlic air 
of our atmosphère. With regard to the présent state of 
our knowledge it muai be coDfiidered as an uudecom- 
pounded substance* 

It enters into combination with a number of bodies. 
In oiganîc compounds it is Ibund in considérable quan- 
tities ; and appean to act an important part in the phse- 
nomena of life. Fhosoxjrgen and nîtrogen combine in 
dîflPerent proportions, and foria subitances possessing 
specificaily différent propertics. 

When phosoxygen and nitrogen are made to combine 
by the action of the electric spark, it appears tbat no 
l%bt is liberated in the process. In thia experiment 
nitric' phosacîd is fimned. And as phosoxygen is com- 
ponnded of light and oxygen, and nitrogen is a simple 
substance, it is évident firom this experiment that nitric- 
phosacid is a compouud of Hpiiht, oxygcn and nitrogen. 
The proof from analytical experiment is even more con- 
clnsive, and wili account for a phaenomenou which the 
other théories were inadéquate to explain. 

£XF£IUM£NT XV. 

Pliosnitrate of potash minp^led with half its weiglit of 
Carbon was fired by a burning-glass in the exhaiisfcd 
receiver. The conflagration took place, and a cunsi- 
derable qnantity of light was libeiated in the répulsive 

D5 
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projectile state. The gaseous products were examinf d 
and proved to be nitrogen and carbonic acid. The 
âxed substance remaining a&er combustion was potash 
mingled with carbon. The quantities of the products 
wete not accuiately aacertained, as the end of this ex- 
periment waa cdmply to detennine fheir nature. 

Nitric phosacîd ihen is compounded of light^ oxygen 
and nitrogen. From the experinients of Lavoisier we 
may conclude, that one hundred })arts of it contain 
seTentj-nine and a half of phosoxygen, and twenty and 
a half of nitrogen. When carbon heated to a certain 
degree is placed in contact with phoenitrate of potash it 
attiacts the oxygen of the nitric phosadd» and combines 
with it to fonn carbonic acid : the li^t and nitrogen 
having no combining attraction for each other, or for 
potash, are libérale d, one in the répulsive projectile and 
the other in the gascons form. The great increase of 
répulsive motion is produced jfrom the rapid divellent 
and combining chemical motions generated in the pro- 
cess. The détonation îs oocasioned by the undulatoxy 
motion generated in the dicumamhient atmosphère by 
the rapid dislodgment of a body of air eqnal in bnlk to 
the elastic fluids generated in the process.* 

The nitric phosacid is decomposable hy increased 
répulsive motion alone> into nitrogen and phosoxygen. 

* LaT«iii0r, aad the Calorists, suppose this détonation to be ocea^oned 
in a great measure by the libération of calorie. They assert that when 
oxygen gas and azotic gas oombinc to form nitric acid, they retain in 
their composition a great quantity of tlip calorie which rendered them 
gaaeous. Tïm calorie they say is libérât ed ia the décomposition of 
nitrate of potash, and hence, the increase of température, détonation, 
Tfài hypotheds U m» of fhe mott àbinid adTaaoed by the Odoristi.— 
On thelr fheory of càkaÊe, it Is évident, tiiat wbcn fhe temperatnres of 
bodies axe Inereoieâ in ehemieel proccfiee, «heir ceiMwitfei mnst be 
dinlnidied; and «ha«fore, the o p ed t i ei of cubonie add, aaote and 
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It combines with water, with the aikalies, the alkaluie 
earths and metallic oxyds, fonaing compounds formerlj 
cailed nitrates ; bat whkh to expras their oompoiition 
moie accmatel we hâve cailed phomitratca. 

When nitric phosacid is exposed to light, it loses a 
portion ut its oxjgcii and light, and becomcs nitrous 
phosacid, as was before observed. One hundred parts 
of tbis acid appeazs to contain about seventj-four parts 
^^ÈOÊOtjf^n, and twentj-aiz nitrogen. Lîke the nitric 
phosacid it is decomposable by incveased repulsiTe mo- 
tion into phosoxjgen and nitrogen ; and when corn- 
bined \vith bases, by certain heatcd oxygcn attractors, 
into liglit, oxygcn and nitrogen. The nitrous phosacid 
combines ¥dth water, with the alkalies, alkaline earths, 
metallic oxyds, &c. With the alkalies, alkaline earths, 
and metallic oxyds, it fonns compounds which possess, 
lîke the phosnitrates, the property of detonating, i* e« of 
being rapidly decomposed by heated oxygen attractors ; 
to thèse substances we hâve given the names of phos- 
nitrites. 

When a considérable portion of oxygen and light is 
aubtracted from the nitric phosacid by metallic snb- 
stances, the gaa liberated during the prooess is nitric 
phoaoxyd. 

This substance combines in srnall proportions whh 
water, is a permanent gas at the common température 
of the atmosphère, and appears to contain about sixty- 
eight per cent phosoxygen, and thirly-two nitrogen. 
Phosphonis décomposes it by attracting the oxygen to 

potnA, moet be mneh leM than thote of èarlym waA nitrate of poteah, 
thm frtiich nofhiog is mofe fidae: for I liaTe Ibvmd hj eiperiment, tfaat 
llie united eepadty of nlttato of potaah lad wtboù, is rnuch less than 
tiuKt of carbonic acid or «sote, and indopendeat of 'this, ihcy liaye 
«vtÉUy Mgieeted tbe liberated liglit. 
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form phosphonc acid^ whil^it the light and nitrogen are 
liberated. 

Dr. Priestley discovered, tliat when nitric phosoxyd 
(nitrous air) is expoeed to the action of moistened iron 
filiogs for a certain time, a diminution of itB volume 
takea place» and a gas is foimed» posscaong peculiar pro* 
pertiesy capable of supporting the £aine of a candie 
better than atiAospheric air; but at the saine tixne 
totallj unfit for the respiration of animais. To this gas 
he gave the name of dephlogisticnted nitrous air ; but 
we have calied it from its composition» nitrous phosoxyd. 
It appeaiB to contain less oxygen, and a larger propor- 
tional quantity of light than nitnc phoeoxyd» as will 
appear firom the Ibllowing obseryations : 

Observation ff, 

When nitric phosoxyd is exposed to the action of 
heatcd iron for a certain time^ the iron becomes oxy- 
dated» and nitrous phosoxyd is formed. No light is 
libmted doring the {ûnocess» The oxyd of iion formed 
in this manner, is in every respect nmilar to that formed 
bj direct décomposition of phosoxygen. 

Observation L 

When the répulsive motion of phosnitrate of ammonia 
is încreased to a certain degree, a new arrangement of 
its principles takes place. Water and nitrous phosoxyd 
aie Ibnned^ and a portion of azote is liberated. No 

luminous appearance is perceived during this process.* 

• [Ib a letter iddiMMd to Hr. Hkholson of the llth of Apifl 1790, he 
itatM^ tiiat when the ahove cxperimmt is made iinder favonrable dr» 
ouBMtnioM, light is emiUed* In hi» flnt expérimenta tiie «ait was 
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Now as uitric phodozjd and nitric phosacid are coxn- 
pounded of ligbt, ozygen, and nitropren, and according 
to the foregoing obserratioiiSy no light is liberated 
daring the'fonnation of nitrous phosozyd, it is évident, 
that it must be composed of nitrogcn, light, and a 
smalier portion of oxygen. The Dutch chcmists have 
concludcd from experimcnts on its décomposition, that 
one huudred parts of it contain thirty-seyen and half 
ozygen, and sîxty-two and half nitrogen. The light 
entering into ita composition^ has been attended 
to by any chemist This gas combines in very small 
proportions with water,^nd appears to possess no acid 
properties. It is decomposable by hydiogen and by 
certain combinations of hydrogen and carbon. Sulphur, 
phosphnni<^ nnd carbon, appear incapable of attmcting 
oiq^n fix>m it at any common température. I have 
fimnd by ezperiment, that a candie borna in tliis gas 
with a flame larger and more brilHant ^n in a gas 
composed of a mixture of thirty-eight parts phosoxygen, 
and sixty-two nitrogcn ; which alonc would provc that 
it contained a lai^er proportional quantity of light, than 
any of the other .combinations of nitrogen and {^os- 
oxygen. I have made some other expérimenta on tfae 
compoâtion of this gas, and some on the efibcts pro- 
duced by it on animais^ which wiU be detailed in a 
distinct essay.* 

ex po»cti to beat mixed with a large quantity of siliceous sand; iu tiie 
later experiment it was nûxed with a small quantity only, and quickly 
iMsted.— NIdiolMii's Jounal, 4to. toL IJL p. fi6.] 

*[Atlliiitlmeliehidiiotatteiii]itedto1n<M^ Itedlfeorend 
tbat it mê ntpinlile on the 17là of Apill 1790. In a kttcr to Mr. 
NkholMm of thii date, lie thiis annooneei tliê dlMOveiy : " I bave thit 
day made a disooraryi which, if you please, yon may announce In yonr 
Physical Journaî, namely, that the nitrous phosoxyd, or gaseous oxyd of 
azote, iB icepiiable when perfecUy freed from nitrous gas. It appears 
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It îs extremely probable that the air of our atmo- 
sphère is a chemicai combination of phosoxyorcn and 
nitrogen. A mixtiire o£ twenty-eight parts of phos- 
ozygen» and seventy-two of nitrogen, is not exactlj 
riyi^îV to the air of our atmosphère. We want» how- 
erer, expérimenta to detenmne the tmth or filaehood of 
this supposition. If the ftct waa prored, thia gaa might 
be calied phosoxyd of nitrogen. 



COMBINATIOXS OF THE MUlilATIC PII03ACID 
(OXYGENATED MUBIATiC ACID.) 



SubtUnee* tliat 
combine with 
MurUUc i>ho«- 


COIEBINATIONS OF THE MURIÂTIC PHOOACm 
TVITH SUBSTANCES. 


KBW AND 
OLD W AMBS. 


VBw KAxaa. 


OLD 1IAMB8. 


Barytes »... 
StnMitfaui 
Pota»h .... 


FluMmiuiate of Btfytes 
PluMinQiiftte of Stnmtiaii 

Phosmuriate of Potash 
FbMnmriate of Soda 

Phosmuriatc o f Ammonia 
Phoanuiiiate of lime 
Phosmiulftte of Hagneda 
Phosmurlate of Aigilla 

FbonitaitalM odT Motals 


Ozygenated Muriate of 

Barytes 
Oxygenated Muriate of 

Strontian 
Oxygenated Muriaie of 

Potash 
Oxygenated Mvilateof 

Soda 

Oxygenated Muriate of 

Ammonia* 
Oxygenated Muriate of 

Lime 

Oxygenated Muriate of 

Mat^nesia 
Osqrgenated Muriate of 
Argilla 

Oxygenated Mariâtes of 
Metala 


Ammonia . . 


Magneaia .. 

AfgiUa .... 

Metallic 
Oxyda and > 
Phosoxyds J 



• Quere? 



to «upport life longer than eommoa air, and prodnoes «flfeota which I 
IkBTO ao time to détail «t foesent. Dr. Mit^heirs theory of contagion is 
of «mm comptotdy o f artuni ad."'— If kholeon'a Joumal, 4to. TolJii. p.98.] 
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OP THB lEUEIATIC PHOSACID. 

Tu£ muriâtic acid has been long discovered. Analogy 
would induce os to suppose that it is a compoimd of 
oxygen vith some acidifiable base ; bat we aie at pre^ 
sent p o fl DCBacd of no ftcta snfficient to piove its compo- 
sition. We hâve attempted to décompose this acid by 
passing phosphoric vapeur throiigh muriate of lime 
strongly heated; but no phospliuric acid wits lurrncd, 
and the muriate of lime rcmaîned iinaltercd. The 
muriatic «dd combines with phoeoxygen, and forms an 
acid possessing peculiar properties. To this add dis- 
covered b y Scheelci the French nomencktors bave given 
the name of oxygenated mniiatîc acid, on the supposi- 
tion that it was muriatic acid combined ^th oxygen. 
We have callcd it muriatic phosacid, to express the 
combination of Ligbt, Oxygen, and Muriatic Acid. 
The following experiment will prove analytically that 
the muriatic phosacid is a compound of light» oxygen» 
and muriatic add. 

ËZPBRIHENT XYI. 

. Phosmuriate of potash wa^ mingled with twice its 
wcight of Carbon, and fired by a buming glass in the 
exhausted receiver. The détonation took place with 
great increase of température in the sunrounding bodies. 
A great quantiQr of brilliant repukîve projectile l%ht 
was Uberated. The gaseous produet^ on examination» 
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proved to bc carbonîc acid and muriatic acid, the fixed 
substances remaining after combustion, wcrc carboD^ 
potash, and a small quantit y of muriate of potaah. 

From tliifl experiment it is évident that the muriatic 
phosacid is compounded of light, oxygen, and moriatîe 
acid. Phostnuriate of potash îs compounded of phofl* 
muriatic acid aiul potash. Wlien carbon is placed in 
contact with this substnnro, and hcatcd, it attracts the 
oxygen of the muriatic phosacid stronger than it is 
attracted })y the light and muriatic acid, and combines 
with it to fonn carbonic acid* The light and muriatic 
add having no affinitj for each other, are liberated 
The great increase of répulsive motion generated in this 
process arises from the rapid motions of the combining 
and liberated bodies. 

The composition of the muriatic phosacid may be 
proved by synthcsis, as well as analysis; for muriatic 
acid is never phosoxygenated, but by combining with 
. phoflozygen» or by attracting it from some of its combi» 
nations, as wîll be better undeistood hereafter. 

The muriatic phosacid is decomposable by light, as 
was proved by Observation b, It is Hkc\vi.sc decom- 
posable by phosphonis, sulphur, carbon, and metallic 
substances, when their températures are slightly in- 
creased by friction or percussion.* 

The muiiatic phosacid combines with potash, soda, 
the alkaline earths, metallic ozyds» phosozyds, &c» The 
phosmuriate of potash appears to contain in its compo- 
sition a still larger quantity of oxygen and light than 
the muriatic phosacid; for during the combination of 

* To âeooant for thèse détonations, the French chemlsts wei« obI%e4 
(as in tiie case of fhe nitrle pliosacid) to suppose an immense qnantityof 
eafanrie inAe eompositiott of fhis aeid, iriiich Is directly eontradietoty 
to BIaok*s doctrine of capaclfy. 
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the muriadc phosacid with potash^ a certain quantity of 
momtic add ia finmd in oombination mûi a portion of 
t;he potaah. And vhen sulphuric add ia poored on 
phosmnriate of potash, light, phosoxygen, and phos- 
iniiriatic acid gas are liberated.* The j)]iosniuriate of 
soda possesses similar properties to tiie phosmuriate of 
potash, with greatcr solubility in water. The other 
comblnations of the phosmuriatic acid hâve not hereto» 
fore been much attended to. 'Berthollet £>nnd tfaat it 
was incapable of combînadon with ammonîa at the 
common température ; when niinglcd with this sub- 
stance, a double décomposition takes place, and water, 
muriatic acid^ and nitrogen, are the products. We h ave 
sucœeded in combîning thia acid with atrontian^f The 

• We thonght It prolMble^ ham Hhe ptonomenon teeompuiTing the 
decomporitton of the phosmuriate of strontian, abont to be described, 
tiiat the same effects would be produced when the phosmuriate of 
potash was used. Sulphuric acid, of the spécifie gravity of l'8o, was 
pourcd on a fpw c^rams of phosmiirieto of potash : Tivid whitc ]\<sht waa 
instantly liberated, and phoaozygeu and pliosmuiiatic acid gas given out 
with grcat rapidity. 

+ T cffected tliis coiiihination by passing muriatic phosacid gas throii^ 
a saturated eolution of strontlan-lime heated above 300^. The strontian 
lime m obtained by my fiiend Mr. Clayfieldy frem the 8iilph«te of 
«tnmtiaB diBcoreted by him new BiistoL We lint attempted tlie com» 
hination by paiaiiig murlalie pbondd gas throngb ftnmtiaii-llme -water 
at the temperatove of 80^— 40P ; but wtfhovt enecess. Mr. ClayAcld 
pxoposed to tvy the effect of cold. The tempenian of the solution waa 
lowered by snow and sait to 10°, and the gas passed through j but no 
considérable combination was effected. We then dissolved as mnch 
eartli as possible in boilinc water, and passcd the gas through the 
saturated so!'itton. The eoiiibination inniK diately took place. Tho 
solution of phosmuriate of strontian was of a dusky orange colour. We 
had some difficulty in obtainlng the cryttds ef this mit, from iti 
extrême folnbUlty. By gcntle evapecatioii aad oodling, it gare iliie 
needle-fonned erystals. Tten eryitab lUghily detonated wifh phoe* 
pbofni and chareoal. Akoliol holding fhem In tolattoo, bamt ivith a 
nNie ooloured llame. Wlien salphaiie add vm poured intp a solation of 
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|di08iiuinate of 8tiioiitia& poeseMes extrême aoIal»lîty ; 
its crystalliiafioii û nmilar to that of the muriate of 

strontian, and like that sait, when dissolvcd in alcohol, 
it communicates to it thc property of buming with a 
rose coloured âame. It détonâtes slightly with carbon 
and j^imphonu, Dnring the deeompoeitioii of this sait 
bj the Bulphinic acid, a beautifui phmomenon takes 
jdace» the liberation of yaiiouflly coloured light 

It is not improbable that by attcndiiig to the eombi- 
niU) oiLs of the iimnatic phosacid, we may discovcr somc 
cheap sttbstitute ibr the phosnitrate of potash. From 
the présent consumption of this sabatanoe m the murder 
of numkindy the nitric phosacid is aa eztremelj ezpeur 
sire artide. The great importance of this acid m èhe- 
mistry and the arts, renders the cheaper acquisition of 
it a great desideratum.'* 

tliii fdt in mier, wifh a deilgn to pme iti eomposltion liy anilyib) a 

beauti^l and onexpected phnaonieiioii took place. Hw nom, was aeeU 
dentally darkaied at the moment lliat this experimeat iras nade» K» 
that we were enabled to perceive a vivid lummous appearance whilst 

munatif» |>hosacid gas was Hherated with great inorease of température. 
We rt'p< '"It* t^^P experiraent two or thrte timea with the same resiilt, 
except that tlu Uisht was differently coloured. When snlpluiric acid of 
the specitîc gmvily ut i'Ôû was poured on thc dry sait, uo light wat 
UlMffataâ, and the deeompiMitioa went on very slowly ; on the addition 
ofwBlWy IfaeeAeteMwedeieiibed again took phice. Tlila eipeifnKnty 
tadependeat ita htmij, ii extremcly pleaiiag» aa afinding an inatanee 
of a trae eoaibaattQn» fiial Je, tbe prodnetfon of light aad heat, liy fhe 
mixture of two incombustible bodies. 

* [In a letter to Mr, NicbolK»n already quoted, he itates, " With the 
hopes of discovering a chpfip snbstîtute for nitre, I have lately made the 
phosniuriutc? (oxygenatt d niuri;ît(^) of strontian nnd barytes. The pro- 
p:rti( s of tiie flret correspond with the acconnt I ■ L,nven of them (as 
in the text) except that its solubility is not bo great as 1 at firstsuspccted. 
The phosmuriate of barytes cry^tailize» iii pktes, and détonâtes very 
•lightly with èbaieoal and phosphonie. A solution of it in irater, Uke 
that of the phoemiiriate of atrantlan^ heeonea huninona wben fhe aal- 
phirie add la ponredlnto It^ 
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CÛMBIXATIOIVS OF LIÛUT, OXYOBX, AND 
MBTALUC SUBSTAirÛES. 

SiNCE the discovery of oxydation by the gwat Lavoisier, 
chemical pfailoeophera in gênerai have oonndered the 
prooesB as llie simple décomposition of oxygen gas 
(oxygen and cslcric); the combination of oxygen with 

the oxydable base, and the Ubcratioii of calorie. AU 
metallîc oxydations have been conceived to be similar, 
and differing only in the rapidity of the décomposition 
of oxygen gas. As light has been little attended to, 
even among the chemical prindples of the most cele- 
brated pnemnadsts, we are not soiprised to lind that it 
has been neglected in the process of oxydation. The 
oombinadonB of lîght, oxygen, and metallic bodies, have 
not bec I I heretofore distinguished from the simple com- 
biaations of oxytrcn with thcsc substances, thonf^h from 
the différences of their propei ties alone they might well 
be conmdeied as a distinct class of substances. To 
thèse bodies we have gÎTen the name of phosoi^ds, to 
disttngoish them fiom the simple combinations of 
oxygen, snd to express their composition with acconicy. 

FtATINIC FhOBOXTD. 

Flatina appears incapable of directly combining with 
light and oxygen at any known température. This 
combination is efiected by the décomposition of the 
muiiatic phosadd» or the mnrionitric phoeadd. In the 
décomposition of the muiiatic phosadd by p]atin% the 
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pladna combines with tbc light and oxygen» so as to 
couvert the acid into muriatic acid. The propeities of 
Ûàa phoBoxyd are bat Utile known, and I bave never 
bad an opportunity of eiamining tbem. 

AuBic Phobdzyd. 

Gold^ wbich ia incapable of decompoeing, or of 
directly eoiDbinin<^ witb, phoaoxygen at any known 

température, possesses the power of attracting it firom 
some of its coinlHiiations. (iokl bccomcs phosoxydated 
by attracting iight and oxygcn trom the muriatic phos- 
acid or the murionitric phosacid ; it is extremely probo* 
ble» fiom the propertîeB of thia phoeoxyd^ that it contains 
a hixgèr proportion of oxygen» and a smaller proportion 
of light, than the other phoeoxyds. Expoeed to light, 
it givcs ont phosoxygen and the métal is rcvivified. It 
conihines with the acids, and with ammoiiia ; with 
ammonia it forms the compound calied iuimiiiating 
gold, but which migbt be called with greater proprie ty, 
aune phoaoxyd of ammonia. From the decompoaiticm 
of ibis subetance alone> we-might prove that light waa 
one of the constitaent parts of anric phosoxyd. When 
the température of auric phosoxyd of amiuoiiiu is 
încreased a Httle, it ib decomposcd with a great explo- 
sion, aad the products are light, nitrogen, and water. 
In this procesa the hydrogen of the ammonia combinée 
^th the oxygen of the aoric phoaoxyd to haa water, 
and the nitrogen of the ammonia, and the light of the 
phosoxyd, having no attraction iui cach other or for 
water, are liberated. 
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Argentic Phosoxyd. 

SiIV«r> like gold and platina, is incapable of combiniog 
with phoBoxjgen dixecdy, at an j known température. 
Silver appeais capable of combming with oxygen, as 

well as phosoxygen, aiid corisei|acntly it décomposes 
both the acids and phosacids. Tt attracts oxygen and 
light irom the nitric phosacid w ith great rapidity, and 
becomes pbosoxydated, whilst the remaining light aad 
oiygen of the add fly off with the nitrogen in the foim 
of nitric pliosoxyd. The argentic phoeoxyd combines 
with the acîds, and with ammonia. Its combination 
witli aiiiUiouiLi aiiurds une of the most astonlshing phfe- 
iiomena iii cheinistry. To forai this substance, the 
phosoxyd of silver must be precipitatcd firom iia solution 
in nitric phoeacid by lime-water* This precipitate afler 
exposore to light for some hours, must be stirred in a 
solution of ammonia. When this solution is evaporated, 
the crjstallised substance' remaining is the fuhninating 
silver, or argentic phosuxyd ot amuionia. The sUghtest 
possible change of température by Mction^ percussion, 
or any other means, causes this substance to explode 
with an astonishing détonation, and the libération of 
light. The products of this détonation hâve never been 
examined. Light we know is one of them, the others 
are prohably watcr aiid nitrogen : for the bub» lance is a 
coniponnd of iight, oxygen, silver, nitrogen, and hydro- 
gen. The slightest change of température disposes the 
light to fly off, and the hydrogen and oxygen to com« 
bine to form water. The great increase of température 
and the détonation inexplicable on the former théories, 
are accounted for with the greatest ease on the theopy 
of répulsive motion, without any absurd or unnaturaj 
suppositions. 
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BfBBcuRic Pnoeorm 

Mercniy oomlnnes direcdy with phosoijgeii, as 
«ppean firâm the fiiQowing obeervatloiw. 

Obsbryation i. 

When meicmy îb jdaced în ccmtact with phosoj^rgen» 
and iC8 temperatme latsed nearly to ita boîling point, 
ihe phosoxygen and mcrcury are gradually conveited 

into Ji itd subsUince possessing propcrtics esscntiallv 
diftcrcnt from merciiry or })ht)5t>xygcn. No light is 
liberated in this process. The |)}iosoxyd of mercuiy la 
consequently a combination of light, oxygen, and mer- 
cuiy. This substance is likewise formed by the décom- 
position of the nitric phoeacid. Its fine red colonr, like 
that of most otbei substances, appcars to dépend on tbe 
liglit entering into îts composition. It coniljiucb witli 
the acids, and with ammonia. With ammonia it forms 
a fuUninadng compound, the meieuric phosozyd of 
ammonia. 

The mercuric phoaoxyd ûi decomposable by light and 

incrcased répulsive motion, into phosoxygen and nier- 
curj. 

Plumbic PHoaoxm 

The plumbic phosoxyd (red oxyd of lead) evidently 

contains oxygen and light; for when the white oxyd of 
lead is heated in contact ^vit}l phosoxygen, it becomcîs 
red and more pondérons, and the phosoxygen is absorbed 
without the libération of light. When muriatic acid is 
distUled from the plumbic phosoxyd, it becomes muriatic 
phosacid. From whence we may conclude that the 
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plumbic phoflozjd is compoonded of ozygen» light^ and 
lead. 

TUMQSTIC PhOSOXYD. 

The tungstic phosoxyd (jellow oxyd of tungsten) 
appears to contaic ligbt in its compoeitioiL It gives 
out phosoxygeD, and becomes blue on exposure to the 
solar light It appeaars capable of combining with tUe 
alkalies, alkaline eardu^ &c. 

ManGAN£8IC PH06OXT1K 

The manganesic phosoxyd (black oxyd of manganèse) 
evidently con tains phosoxygen ; it affords it on the 
application of beat. VV hen murialic acid is distillcd 
from it (the manganesic phosoxyd)^ it becomes muriatic 
phosflcid, that is» it subtracts a portion of light and 
ozygen from the manganesic phosoxyd. 

Chbomic PuosAcm. 

Thîs aeîd, jnst discovered by the ingénions Vauquelin, 

appears to contain light; its red colour alone would 
induce us to belicve this, and tVom the experiments of 
Vauquelin, it appears lliat it loses its red colour whcn 
exposed to light, and most probably gives out a portion 
of lieht and oxygen. 

COBALTIC PHOeOXTD. 

The cobaltic phosoxyd is formed by the décomposi- 
tion of the nitric phosacid. 

We bave found tbat it gîres out phosoxygen when its 

répulsive motion is incrcased, from whcnce we conclude 
that it is a combination of light^ oxygen^ and cobalt. 
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Tbe phosoxyds ponocatod of tlie most striking propef^ 

ties are, the auric, argentic, mercuric, and plumbic. 
The fticility with which thèse bodies are dccuinposed, is 
evidently dépendent on the light eutcring into their 
composition. Indeed we have no ongle instance of a 
chemical détonation independent of tfae présence of 
light The ease with which the equilibrium of the 
principles of the phosoxyds of ammonia îs destroyed, 
dépends on the ease with which W^ht takcs ils répulsive 
projectile forin. We are in want of a set of accurate 
experiments on the process of oxjdation and ]^hos- 
oxydation. It is probable that mmy metalsy besides 
those we bave mentioned^ are capable of combining 
with phosoxygen. The dîflferent colours and propertîes 
of the diflPt real uxyds of the same métal may probal)ly 
ilepeud on certain quantities ol iight aud oxygen cnter- 
ing into their composition. 

Such then are the inorj^uiic combinations of light* 
From the discovery of them we ave enabled to explain 
the phaenomena of combustion, détonation, &c. Thej 
open to an extensive field for expérimental investi- 
gation. Tt is probable that we shall detect light in 
^any other substances, in which it bas not been hitherto 
suspected* That extensive class of substances which bas 
been heretofore distinguished bj the common name of 
oxygen-attracting, must be divided înto distinct classes, 
from the différences of the attractions of the substances 
composing it. Soine of thèse substances, as phosphorus, 
sulphur, &c. are simple attractors of oxygen, that is, 
decomposers of phosoxygen. Others» as iron« zinc, 
copper, &c under différent circumstances, appear to 
attract oxygen and portions of light with oxygen. 
Another class combines with phosoxygen, or light and 
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oxygen^ without décomposition! as nitrogea» muriatic 
acid, meiciuy, àc 

We perceÎTe a correspondence between the quantities 
of light and oxygen entering into tbe composition of 
bodies, and their colours. By attending to this cir- 
cumstance, and by determiuing the quantities of iight 
liberated in oxydation, and comparing the properties of 
jthe oxyds, phosoxyds, &c. we may make some dis- 
covexicB in an important branch of corpuscular philoso- 
phy hitherto unknown,— the causes of the différences 
of the capabilities of bodies for receiting the communi- 
catcd répulsive motion of light, that is, the causes oi 
ihe différences of their colours. 



RECAPlTULATIOlf. 

This récapitulation is designed to présent the theory 
founded upon the expérimenta described, in a short 
view capable of being at once considered by the mind. 

Ist Matter is supposed to be endowed with the 
active properties of répulsive motion and attraction. By 
the terms répulsive motion and attraction, we simply 
mean to express the causes of certain effects ^vhich are 
unifonnly and constantly produced* In denying the 
existence of calorie, we do not assert that there does 
not exist a number of substances which are totally 
incognisable by our sensés ; but we consider ail matter 
as govemed by the same laws, and as active properties 
must be ascribed to some matter, and as we perceive 
the effects of them in that matter with which we are 
acquainted, we bave a rîght to condude that they 

YOIi. H. E 
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beloQg to lu Nothing i» (oore unphilosophic than to 
imagme beiogs for 8ake of attiibutiog to them 
actÎTe powexSy wlien our sentatioiiB infonn tia of the 
eadstenoe of bodies to which thej belong. 

2. The mo6t subtile etherial fluidi with which we are 
acquainted, are goveraed bj the laws of attraction and 
répulsive mulion. Amonp^st tliese is light, which acts 
the most important part in the ecoiiûmj of the imiverse. 
This subBtfuice is subject to the oammon laws of matter« 
and requirea no {irinciples» but attraction and repulaive 
motion* to accoont for ita appearanoea and changes. 

3. It entera into combination with bodiea. In the 
phosphorescent bodies it exista in a state of loose com- 
bination. 

In phosoxygen it is intimatelj combined with 
oxjrgen. 

4* From the decompoaition of phoaozjgen bj bodies 
that attract ozygen» the phsenomena of combustion are 
explaîned* 

5. Phosoxygen combines with aubatances without 

décomposition. 

Thèse substances are nitrogen, muriatic acid, and 
certain metals. On the combination of phosoxygen 
with thèse bodies* the phsenomeua of détonation. Sic. 
dépend. 



Light enters into the composition of living bodies. 
To un(lei*stand thèse combinations is of infinité im- 
portance to man. On the existence of this principle in 
ofganic oompounds, perception* thought, and happiness* 
appear to dépend, We shall proeeed to investigate the 
theor y of respiration. 
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TBEOBir OP RBSPIBATION. 

The depentlcncc of lifc on respiration luua al\v;i\^ 
rendered it an important subjcct of cojisidcration î<j 
physiologists ; but till the discovery of pncumatic che- 
mistry, no rational theory was advanced. It is foreign 
to oar présent design to consider ail the difierent theo* 
ries that hâve been formed. The theory of respîration 
now generallj receired bj physiologiste^ is that advanced 
by Godwyn, Girtanner, &c. Thèse philosophers assume 
oxygen gas to be oxyi^cn combined with calorie; and 
since it is found by i xpcriment that the oxycren gas 
made use of in respiration is diminished, and carbonic 
acid and water formed, it is asserted that oxygen gas is 
decomposed in the lungs. It is said, that one portion 
of the oxygen combines with the oxydable and acidifia^ 
ble bases m the venons blood> and particolarly with the 
îron ; and that from this oxydation anses the vermilion 
colour of the arterial blood : another portion combines 
with the Carbon of the blood and of the puîmonary 
mucus, to form the carbooic acid liberated in respiration ; 
another portion combines with the hydrogen of the 
blood» to fi>rm the water liberated in respiration: the 
calorie combined with the oxygen partly combines with 
the blood, now increased in capacity, and is partly 
liberated, with the carbonic acid and acjueous gas. 
VVithout considering my experimeuts, or the theory of 

thèse papers, which directly overturn this hypothesis^ 

tliere are the foUowing objections to it. 

E 2 
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1. Iron, which is generally assumed to be the red- 

dcning principlc of the blood, ncvcr decumposcs phos- 
oxyi^cii at so low a température as 98°, the ^iLaiest 
hcat of the lungs, and phosoxygeu is never decomposed 
hy iron without lapid combustion» âame» and great 
heat. 

2. Ozjg^ gas 18 never decomposed by carbon at so 
low a température as 98% and is never decomposed 
without combustion» &c. 

3. There is never a décomposition of phosoxygen bv 
hydrogen at so low a température, and it is well known 
that thiâ process does not take place without âame. 

Tliîs theory of respiration, then, is evidently false. 
It wiil appear from the following ezperiments and ob- 
servations ; 

1. That phosozygen (light and oxygen) is not de- 
composed in the lungs. 

2. Tliat phosoxygcn (li<2ht and oxygen) combines 
with the venous blood in tho lungs. 

3. That carbonic acid and water are both liberated 
from the luDgsduring this process» either by the increase 
of température» or firom the superior afifinity of phos- 
oxygen for the venous blood. 

EZPEBDIBNT XVn. 

A pbial containing twelve cubic inches and a half, 
was filled with very pure phosos^^gen. The medial 
vein of a healthy man was opened» and the stream of 
blood directed into the phial. The mouth of the phial 
was immedîately brought in contact with the arm, so as 
to cntivcly exclude ail external air. The room was theii 
darkened. As the blood flowed in, it changed from a 
dark red to a bright vermiiion coiour. VYhea the phial 
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was half full it was closed, and pluoged in mercurj 
heated to dO^* Afler lemaining in this situation for 
half an hoor, it waa examined The blood had co* 
agulated, and was of a bright vennOion; some drops of 

water were formed on the sides of the phiaL When the 
cork was drawn, about two cubic inches of mercury 
niahed into the phial^ ârom wheuce I concluded that an 
absorption of gas had takcn place. The gas remainîng 
m the phial was examined. It prored to be three cubic 
inches and one-tenth of phosoxygcn^ mhagled with nine* 
tenths of a cubic inch of carbonîc acîd. 

During this experiment no light was libcrated ; it îs 
consequently reasonable to suppose that thcre was no 
décomposition of phosojqrgen; and as a con^^îderable dimi* 
nuâon of phosoxygen took place^ and the blood acqoired 
new propertieSy we may conclude that phosoxjgen is 
capable of combination wîth the venons blood. To 
prove this by analysis as well as synthesis, I made the 
following experiment. 

£XF£BDi£NT XVIIL 

A phial containing about twelve cubîc inches^ havîng 
â pneuiiiatic apparatus affixed to it, w^as filled with 
arterial blood firom the carotid artery of a calf. The 
phial was placed in a sand bath of the température of 
96^, and the beat gradoally and slowly raised. In 
about ten minutes ihe température of the bath was 108^, 
and the blood began to coagulate. At this moment 
some globules of gas were perceived passing through 
the tube. Gas continued to pass in very small quan- 
lities îor about half an hour, when the température of 
the sand was about 200° ; the blood had ooagulated per- 
fectlj, and was now abnost black: about a cubic inch 
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and eîghtptenths of gas wm ooUMied in the meieuriat 
apparalna ; of this one cnbic indi «nd one-tenth was 
carbonic acid» and the vemalning aeven-tentha plios- 

oxygen.* 

Froin ihi.-^ experinicnt it is évident thaf the arteriai 
blood contains phosoxygen, and we bave proved before 
by syntbesis, that it ia capable of combinuig wtth it 
dîrectlj. We are poeseased of a number of ezperîments, 
wbich prove that pboaoxygen is consumed in reapiraF- 
tion. It liais been likevvise proved that gases can pene- 
trate throiigh oioist nienibrancs Hke thosc of whicli the 
vesselâ in the lungs are compoaed. We may tberefore 
eonclude that pfaosox jgen combines witb tbe venons 
blood of tbe i^^stem in the pulmonaiy ves^els. As no 
light was liberated in Experiment XVIL it is évident 
that thcre caïuiot be cvea a partial dccoinposition of 
phosoxygen in respiration, and, consequently, the car- 
bonic acid and aqueous gas liberated cannot arise âroni 
the décomposition of pbosozygen by the carbon and 
hydrogen of the venons blood* It is then évident that 
they must be liberated from the venons blood. To 
prove this more clearly, I made the following ex- 
periment. 

EzPEBDfSNT XIX. 

I fiUed a small sheep's bladder with blood from the 
medial vein of an healthj woman. This blood never 
came in contact with any air during the expérimenta 

• Great caution is requisite in makîng thi» experiment. If the tem- 
pérature is not gradually and slowly incrcased, the liberated ga^^^s are 
carbonic acid and iiydrogen. Tbc ûrst time that I made this expori- 
nient, raising the température too quiekly, I ohtaincd only thèse pro- 
duct£. At a high température, the phosoxygen of the blood most pro^ 
bably combines iritii nltrogen, to foum lâMo phosiudâ. 
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The bladder vas inserted in a vessel of water heated to 
112% and ihe gaseoos prodixcts receîyed by a pneu- 
madc apparatas. They were carbonîc add and aqueoiis 
gas. • 

Respiration, then, is a chemical process, the com- 
bination of phosoxjgea wiih thc vcnous blood in the 
Inng^ and the libération of oarbcmic acid and aqueous 
gaa fiom lU From the combination and deoompontion» 
ariaes an inerease of lepulnve motion, ^diich combined 
with that produced by the other chemical processcs 
taking place in the System, and that generated by the 
reciproeal action of the solids and fluids» is the cause of 
animal beat ; a beat which in the other Systems bas been 
sopposed to avise chiefly fiom the décomposition of 
ozygen gas (oxygen and calorie). 

Such then is tlie human respiration; and we are 
certain not onlv from analogy, but from experiments, 
that the breathing process of quadrupeds and bixds is 
similar. I^osoxygen (oxygen and light) combines with 
the venons blood in their Inngs. 

As fishes exist in a dififerent élément; and as ît bas 
been supposed that tlu y décompose botli water and 
oxygen gas,* I endeavoured to ascertain by the Ibilow- 
ing expérimenta the laws of their respiration. 

SXFEBIHENT XX* 

I expelled by long boiling the atmosphcric air from 
64 cubic inchcs of sca water. This by means of mer- 
cufy I entirely exduded ùom the contact of air. A 
small mullet was pnt into it, which instantly appeared 
much convulsed» and died in a &w minutes. 

^ Danrin's ZoùDoaHê,rok L p.478: Oiyyeiuition of fht Blood. 
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EXPBBIMBNT XXL 

A quantity of water was freed Irom atmospheric aîr 
by boiling. Two leoeiTera» each of the capacify of 36 
cabic indies, yrere fiUôd with this water. Into one of 
thèse, two culnc inches of nitrogen were inserted, into 

the other, two of phosoxygen. By long and constant 
agitation, the gases were dissolvcd by the water, which 
was excluded ùom the contact of air by mercury. Into 
each of the receiveis two minnows were inserted. Those 
in the water holding nitrogen in solution, died in about 
four minutes ; those in the water holding phosoxygen 
in solodon» appeared totally nninjured, and when ex- 
amined after some hours^ were stiU aUve and healthy* 

ExPBRiMENT XXn. 

The same receivers which I used in my last experi* 
ment» were fiUed with distilled water, freed from atmo- 
spheric air by a second boiling. Into each of thèse, 
three cubic inches of phosoxygen were inserted. The 
receivers were then agitated fbr some time, tiH the 
"watcr in each of thcm had dîssolved an equal quantity 
of gas ; they were then inverted in a trough of mer- 
cury, so as to exclude atmospheric air from them. Four 
minnows were then conveyed into one of them through 
mercury. The receivers were now suffered to remain 
untouched for nx hours, wh^ they were examined. 
The minnows were aliye^ and no gas remained in the 
top of the receiver in which they had respired. The 
gas in the top of the other receiver reinained neai'ly the 
same as at the commencement of the experiment. A 
quantity of lime-water was poured into each of theae 
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leceîyers ; in that in wbîch the fidh liad ezisted there 

was a very perceptible cloudiness, occa^^ioned, as I 
sup]Xjs* , by the formation of carbonate of lime; in the 
other there was no perceptible change. 

From thèse experiments I condode that the veiious 
blood in the gills of fishes is phosoxydated by tbe phos- 
ozjgen beld in sobitîon bjr water; and tbat carbonie 
acid, and probablj water» are given ont aa excremen^ 
titîotis by the Venons blood in their gîlls. We bave no 
reasons i'or supposing that fish décompose water, as we 
cannot discover that any hydrogen is formed by them 
in respiration.* 

Lightand oxjgen then, (phosozygen) are essential 
tolife. 

Thè perceptÎTe and yolitiye powers dépend ht their 
continued existence on tbe constant snpply of a certain 

quantity of phosoxydated blood to the nervous and 
muscular Systems. 

Perception more immediately dépends on the con- 
tinued supply of a certain quantity of artenal blood to 
the brain. In the braîn and nervous System^ some im^ 
portant change essential to life must be efiected by it 
As there is a necesâty for a constant supply of phos-» 
oxygen to support the vital functions» there must be a 
constant expenditure of it in tbe performance of thèse 
functions. The medullary substance of the brain and 
nerves appears to possess the propcrty of sensiijility. 
Uns property is perlectly distinct from the irritability 
or ccmtractile power of the muscular ûbre. The nerves 

* 

* I hnt difooreied by limOar experiments that the xoophyta are 
govenied hy simnar lam: that th^, like flah, abeorb phoeoxygen 
hiàà. bk Mlntloii hy water, ie wéll as portions of nitrogen ; end thus in 
their ehemlcsl attractions^ as welI as in their organic powers» seem to be 
tbe eonnecting links between vegetables and animais. 
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dépend ibr their sensibîlitj on theîr connection ivith the 

braiii. Iii tlic braiu ail the sensations conveyed by the 
différent neig es centre ; and in the brain their corres- 
pondent idcas are associated together according to cer- 
tain laws. The moment that the connection of a nerve 
with the bnûn ia destroyed, it ceases to be aenaible ; 
ihought and action cease the moment that a mippl j 
phoeozydated blood ia eut off from the brain. 

May we not venturc to reason on the important 
and constant change efibctcd in the brain and nerves 
bj the phosoxjdated blood ? Is it not probable that the 
existence of some fine etherial principle in the bnûn and 
nenres îs the immédiate cause of sensible or perceptive 
action? If such a fluid exists, it must be continuaUy 
siipplied by the arterial blood, and constantly ezpended 
in sensible action. We have pruved tlie existence of 
light in the arterial blood, and wc have likc ^^ ise proved 
its existence in différent states. Is it then improbable 
to suppose that Light is attracted or secreted from the 
blood by the brain in the form of an etherial fluid or gas»- 
and pexpetuaUy conveyed by the bndn to the netves?* 

A number of philosophers, simply finom the identity of 
the action of the electric fluid, and the nervous influ- 
ence on the irritable fibre, have concluded theni to be 
the same, that isy have concluded the nervous fluid to 
be the electric aura. ^ .h^v 

We have before supposed the electric fluid to be con- 
densed lighu Thus we have another cogent reason for 
suppomng that the nervous spirit is light in an etiierial 
gascons form. 

On this supposition^ sensations and ideas v/'ûi be 

* [A modiéfittioii of thii ]>7]Mllifiiis wat rerived liy «lie amtboi in his 
^ComoUttoint In Travel," ia the D^alogae entitled ''llie Pioteos» or 
ImmofteUty," and leeent eapcrimenti on tbe blood «ad nspisaition aie 
ntber in finroar of it J 
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motions of tbe nervous ether or iight exciting the me- 
duUaij substance of the nerves a&d brain into sensitive 
iKïtioii, The capability of the nervea to fae exciled into 
sensitive action bj the motions of the nenrons ether, 
must dépend upon a peculiar constitution or organi- 
zation of them; and the nen-es during sensitive ac tion 
must sufifer some change^ some loss of principles, and 
the equilibrium of their principles most be again snp-' 
plied by the arterial blood 

The initabifity of the muscles^ as well as the sen- 
sibility of the nerves, appears to dépend on the con- 
tinued supplj of a certain quantity of arterial blood. 
Their irritabilitj is not nearly so soon destrojed as the 
aensibilily of the nerves. The fibre remains irritable 
for a Considérable time after it is deprived of arterial 
blood» The musclés are most probably phosoxjdated 
compoands, of whioh the nmAerons principles are in 
exact and délicate equilibiiuui ; and it is likely that on 
thîs equilibrium their irritability dépendît. Any cora- 
municated impulse capable of producing increase of 
répulsive motion suffîcient to occasion a new arrange- 
ment of principles in any part of the fibre, will produce 
irritable action. The impulses of certain extemal 
bodies, and the neiTOus motions, both appear cqually 
capable of exciting the irritable fibre into action. 

The chief principles* of the âbre appear to be ni« 
ttogen, hjdrûgen, carbon^ ozygeiOA and lightf The 

* The inotganie oompottnds, wliidi contain Ught, and many other 
pHndpIes, are meet eeaUy deoompoaed tiy the éliglitest iiu»ease of re- 
pubÎTe moUon, meh are the jhotùxyû» ot ammonia. 

t When aajr coneiâentblè diange takes place in the organic matter of 
the body, so as to destroy the powers of life, new chemical attractioiia 
and répulsive motions talce place, Tlie différent principles of which the 
body is composed, form new combiuations. In this proeess, which is 
called putréfaction, the light of the System in land animais in combi- 
nation with ozygen and nitrogeni fonns nitric phosacid. In fish, 
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immédiate came of irritable action b probablj tbe com- 
binatkm of oxygen with the hjdrogen and carbcKD, tb 
fbnn water and caiixmic add, and the liberatîoii of 

nitrogen and electric fluid. Wc are certain that water 
and carbonic acid are libcrated during muscular action, 
and probabiy azote» aad light in the fomi of electric 
fluid* 

Life» then» may be coniidered as a perpétuai séries of 
pecnliar corpuscidar changes ; and the living body as 
the being in whîch thèse chanp^es take place. Percep- 
tions^ ideas, pleasures, and pains, are the effects of 
thèse changes. They are consequently found to be 
continually Taiying. The laws of mind then» pn^ 
bably» are not différent fiom the laws of coipuscular 
motion. Every change in our sensations must be ac* 
companied witli some correspondent change in the 
orgHiiic matter of the body. Thèse changes an ex- 
tensive and philosophie chemistiy may enable us to 
estimate* 

Thus essentiel then is Lioht to peroeptiye existence. 

during whosc putréfaction no nitric pho^n^id i« fonned, ît is liber- 
atecl; and bonre the reason for the lumiaous appcarancc of putrefying 
fihh, an appearance, which Lavoisicr supposed to be occasioned by 
phosphorised hydrogen. I hâve found by ex périment, that putrefying 
Adi are equally Inralnoiu in water boiled to expel it» air and phoeoxygen. 

* Tha Torpédo, and Mme ofhcr animalB, give ont deetcie flnld doiiag 
animal action. In man^ ihe quanUty is prdiablyi liowerer, tôo amall 
and too dowly lilierated to be aseettalnable* It woold be wortii wblle 
to try, by a very seniible deetr(mieter,whether an insulated muscle wben 
gtîmvilated into action, wonld not give marks of the libération of electric 
fluid. To ascertain the gaseous products libcrated during muscular 
aftion, wonld not be so difficult. An animal, or the limb of an animal, 
might be stiiinilated into mnscular action for a considérable time under 
mercury, till its irritability wa» destroyed. Animais pr* viuusiy made to 
breathe phosoxj gen, might be employed for this purpose, as it appears 
from the expérimenta of a cdébrated philosopher, Dr. Beddoes, that tliey 
retain fheir irrHablUty longer. 
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Ail organic sensitive beings with wbich we aie ac- 
quainted, ^ipear totalfy iinable to ezist witfaoat phoB- 

oxygen. 

We maj coiisider tlie sun and the iîxcd stars, the 
suns of other worlds, as immense reserv^oirs of light 
destmed bjr the great Organiseb to diôuse over the 
iiniverae organization and animation. And thus will 
the lawB of gravitation^ as weU as the chemical law% be 
concddered as sobservient to one grand endy PmcBP* 
TiON. Reasoning thus, it will not appcar impossible 
that onc law alone may govern aiid acL upon matter: 
an energy of mutation^ impressed by the will of the 
Deïtj, a law which might be called the law of anima- 
tion» tendîng to produce the greatest possible sum of 
perception» the greatest possible sum of happiness.* 

The fiurther we investigate the phsenomena of nature» 
the more we discover simplicity and unity of design. 

An extensive field for sublime investigation is open 
to us. The laws of perceptive iife as yet are but par- 
tîaUy known. Oui sensations^ ideaa^ pleasuxen^ and 
pains» dépend upon causes now unknown to us. 

We cannot entertain a doubt but that every change 
in our sensations and ideas must be accompanied with 
some correspondent change in the organic matter of the 
body. Thèse changes expérimental investigation may 
enable us to détermine. By discovering them we 
should be informed of Ihe laws of our existence» and 

* Tbit amikgy between attraction and graTltattum, repnbloa and pro- 
jection, haï been nMationed iMfim. TUs analogy wonld indaee aa to 
lafer them to thie aaua eaaiet. It may appear absurd to snppoie any 
analogy bctwccn thèse powers and the laws of lif^^. la not, "howerer, 
perceptive action (which must uniformly hc accompanied with borne 
peculiar inotiou in the nervouB h.\ stem) analogous to rcpulnion and pro- 
jection ? Is not tht association of perceptive and irritative motions a 
law analogouâ to attraction and gravitation ? 
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probtlily enabled in a gntii meaBore to dcitroy our 

pains aiid to iiicrease our pleasures. 

Thus would chemistrv, in ïts connection with the 

v' 

laws of ljfe« become the most sublime and important of 
ail 
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A GREAT quandty of pliosoxygen is continuai ly at- 
tracted from the atmosphère lo supply thc pabulum 
vitae of perceptive beings. Another coDsiderable quan- 
tité is decompofled by combustion» and absorbed in 
other chemical pxocesBes wfaich take place in our globe. 
Sinee the atmospheric constitution is unifoimly nmilar» 
we are kd to inquire by what meaiLs a quanti ty of 
plioîioxygen equal to that consiimcd by respiration and 
combustion is again supplied to the atmosphère. This 
inquiiy is no less important than curions, as our 
ezbtenee itself dépends on the equilibrium of gases in 
the atmosphère. 

We have no rcason for supposing that phusoxygen is 
fTcneratcd or givcn ont as excrcmcntious by the loco- 
motive oiganic beings which consume such iamiense 
quantities of it During livîng action^ water» carbonic 
add» and nitrogen, are liberated from the animal» and 
probably electric ether and some other products. 
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We have no reasons for supposÎDg that light is cap 

pable of decomposing either water or carbonic acid în 
their nascent state, by its attraction for oxjgeu. Con- 
sequently thc phosoxygen of the atmosphère can in no 
way be suppliai hj the locomotive perceptive beings. 

The living action of another class of beings, namelj» 
vegetablefl^ is the cause of the génération of the at- 
moepheric phosoxygen. 

TTie purification of the atmosphère by land vegetables 
was indeed discovered long before even its composition 
was known. We owe this important discovery to the 
immortal Priestley» who supposed that the rénovation of 
the atmosphère by vegetables was occasioned by their 
power of absorbiog phlogîston^ an imagined prodoct of 
combustion and respiration. 

Dr. Ingenhouz discovered that vegetables gave out 
vital air when exposed to the solar Jight in contact with 
water. This philosopher attempted to prove by experi- 
ments, that the air thus gcnerated arose £rom the 
décomposition of water. Since hîs experiments and 
Ûusae of M. Senebier have been poblished^ we know of 
little ti&at has been done in this part of chemistiy ; and 
as LavoimeT^s theory of the compodtion of oxygen gas 
(phosoxyc;en ) has been generally believed by chemical 
philosophers, it has heen supposed that Hght acted no 
othcr part in the décomposition of water, than that of 
eztricatîng oxygen by giving it calorie^ whilst the 
vegetable attracted hydrogen. 

In my EsBay on Répulsive Motion aûd Lî^t^ I 
attempted to prove that water was deoomposable by 
two attractions, that of a vegetable or organized hydro- 
gen attractor for hydrogen, and that of light for oxygen. 
In that essay I likewise mentioned my discovery of the 
production of phosoj^rgen by the various orders of the 
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marine ciyptogamia dadi of planti. I sball procted to 
give * détail of die eiqierimeiitB I hâve made on knd 

and sea vepretables. 

Oiie iiiight iiitl r f rom the anal^^ia oi' vc^ctahles that 
tbey attraci liydrogen and carbon, as tliey aie thcir 
moit prédominant prmciples. It will appear from the 
loUoiring synthetical experiment that they attzact h j- 
dfogen* 

ËXPBBDiEMT L 

A Muall [iiaut of MiLin(>ii(>(t( , in a state oi healthy 
végétation, was inserted in a small ])ot undcr a jtir of 

' hjdrogen cmitaining twenty-eiglit cubic iuches» and 

confined by mercnzy. The height of the metcuiy in 
the jar waa accuiately marited at the commencement of 
tha^earperiment. It was sufiered to remain in the dark 
for fifty hours, and thcn examined. The mercury had 
asceîulcd a vers' liule, and if ono iiiIl^IiI jiidirn froin 
appearances, there was a diminution of about haif a 
cubic inch. The jar was lemoved to a place expoeed 
to the light, and sufTered to remain in this aituation Ibr 
tfaree days very fine weatfaer. It was then exfr^ 
mined ; the plant appeared nninjured, and the edges of 
some of its Icaves wei c tinged ycUow ; therc was no 
perceptible diminution ot" tlie niercury, from whcnce 
I coacluded that phosoxygen had bcen geuerated. So- 
lutions of sulphure of potaah» and of potaah, were intro* 
duced into the jar in separate ireasela. A diminution 

^ took place. The remaining gas meaaored aibout twenty- 
fiye and half cubic inchea, and appeared to be pure 

hyiiro^cD. 

Sincc, then, two cubic inches and a half of hydrogen 
disappeared in this experiment; they were most pro« 
bftbly absorbed by the plant 
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I haTefoundby smnl expérimenta^ that Mignonette 
always grows very well in h jdrogen when supplied with 

water. One of thèse |>IaiiU lived in hydrogeii for a 
week in the dark, supplied with water by a capillary 
tube. At the end of this time the leaves became 
▼foneg^d with yellaw spots^ and the whole of the plant 
bore a sickly appearance. When thèse plants gro^ring 
in hydrogen are deprived of water, they generally dîe 
in three or four days. la the cxperiment that I have 
just related, the earth of the pot in which the plant 
grew was moistened previous to its insertion, and then 
covered with a tîn-plate top, to prevent the water from 
eTaporating, Some phints die in hjdrogen veiy qniddy ; 
among thèse axe Conînm macalatom^ Chîronea cen- 
taurium, Digitalis purpurea. 

In a mixture of hydrogen and carbonic acid, 1 t'ound 
no plant to die when exposed to light. I^rom a number 
of experiments, I think I have every reason to condude 
that plants dîiectly combhie with hydrogen ; bot as they 
owe their irritability, that îs, their Me, not to one prin- 
ciple alone, but to maiiy, il is difiicuU to invent 
simple experimentfi to détermine singlj their attraction 
for each. 

As yegetables attract hydrogen^ and as it is one of 
their most prédominant princîples if it be oonsidered as 
a simple substance, it must be obtained by them from 

the décomposition of bodies into which it enters as 
a constituent part. 

Yegetables are totally incapable of decomposing water 
by their attraction for hydrogen, Some land plants 
give ont carbonic acid» and small portions of nitrogen 
during the night ; but there is no single instance of die 
production of pliosoxygen from plants during the night. 
To détermine whether the water plants which stroDgly 
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attract hydrogen prodùce any gas in the absence of 
light, I made the foUowing experîment 

ÏIXPERIMENT IL 

Into a green glaaa globe containing one handred and 
four cubic inches» a plant of njmphaea alba in a state of 
healthy végétation was înserted. The globe was filled 

with water, prcviously boilcd tu cxpcl the atmospheric 
air, and inscrted horizontally in a vessel, so as to be 
perfectly included from light. After reniaining in the 
dark for four days it was examined. Two or thxee in* 
conaiderable globules of gas were found in the top; 
which snffered no diminution when mingled ynth nitric 
phosoxyd (nitrous gas). The vegctaljle wiis pale and 
sickly, and watcr had most probably conibined with it. 

Water tlien is not decompoeable by the attraction of 
vegetables for hjdrogen, nor is it capable of décomposi- 
tion by the attraction of light for oiygen. 

The experiments of Friestley, Ingenhouz, and Sene- 
bier, provc tliat land vegetables of ail kinds produce 
greater or less quanti tic s of phosoxygen, when exposed 
to light in contact with water. I bave repeated some of 
the experiments of Ingenhouz^ and bave obtaîned nearly 
the same results as that philosopher, I endeavoured to 
establish the ùvct of the decompomtion of water by light 
and an organized hydrogeu attractor by the following 
expehment. 

ExPERiMEirr IIL 

A glasB cylinder of the capacity of ten cubic inches 

was fîlled with mcrcurj. Two small vine Icaves were 
iutroduced through the mercury^ so as to detach ali 
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atmoepheric air from them. The mercurial apparatus 
was now inserted in a vessel of cold water. Aqueous 
gas was passed ftom a vessel containîiig water whîch 
had been long in ebullidon, through a long tube into 

the cylindcr, ^\ hcrc it was cuiidensed by the cold mer- 
ciin% In this numner the cjlinder was fiiied with water 
which held no air in solution. 

The cjHnder still inverted in the mereiirial trough 
was now exposed to light In a Ycrj short time ak 
globules began to îoTm on the leaves^ and in abont six 
iiours sufficient was formed to be examined, It mea- 
sured t^\ o < ubic inches and a halft and was nearly pure 
phosoxjgen.* 

Since in this experiment no gas of anj kind was held 
in solution by the water, and paie phosoxjgen was 
produced fiom it, it must have arîsen from the décom- 
position of the water, by the combination of its oxygen 
witli light, and of its hydrogen with the vegetable. 

An immense quantity of water then must be con- 
stantly decomposed bj the attractions of land vegetables 
and of light ; and a considérable quantity of phosoxygen 
must be continually supplied to the atmosphère from 
this sooree. 

Carbuuic acid, as well as water, is formed in large 
quantities by combustion, fermentation, &c, and is 
continuaiiy liberated during the living action of pezoep- 

* [The author,iii his Lectures on Apricultural Cheiiii8try,(tiie 5tli lec- 
ture,) hen treating of the functions of the leaveft of planta, refening to 
this experiment, makes the following remark: — "T obtained a consi- 
dérable quantity of oxygen in an experiment made fifteen years af^o, in 
which vine leaves were exposed to pure water; but on repeating tlie 
trial often smce, the quantities have been very much smaller. I am 
ignorant whether this différence is owing to the peculiar gtate of the 
letves, or to iome cooftrraB «iiidi might liave adhered to the yessel, or 
oliher loutcs of ftUicy."] 
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tivc bcinfîs, Now as thia gas is considerably heavier 
thaii atmuspheric air^ if it was not perpctually decom- 
posed by some means, the lower etrata of the at* 
mospheie would 80on become composée! of ît^ the bu]^ 
ply of phofioxjgen would be eut off from locomotive 
oiganic beiugs, and perceptioD» thought, and action, 
would cease to exist As carbon forme one of the mott 
predominaut principlcs of land vcgetables, we jiiight 
conclude almost TN-ithout experiincnt that the carbonic 
acid of the atmosphère is somehow decomposed hj 
them. To detennine whether land vegetables were 
capable of decompoaing carbonic acid by their altrao* 
tion for carbon» unassisted by the attraction of light for 
oxygen, I made the following experiment 

EZPEBIHENT IV. 

A smali plant of chironea centauriuro» growing in a 
pot of very dry earth» was inaerted under mercury, in a 
jar filled with very pure carbonic acid. It renudned in 
a dark cloaet for four days, and was then examined. 

The mercury in the jar had asccnded a very little, and 
the plant had a pale and sickly appearance. After the 
carbonic acid was taken up bj potasb, there remained 
in the jar a very smail portion of an incombustible gas. 

From thia experiment it is évident that the attraction 
of plants for carbon is too weak to enable them to 
décompose carbonic acid ; but that they combine with 
small portions of it, and thus supeisatuiated with 
QXMi:cLï become white and sicklv. 

JUght aloue effccts no décomposition of carbonic 
acid» not even in its conoentrated state in the electric 

To détermine whether planta were capable of decom* 
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posing carbonic acid, assisted by the attraction of light 
for oxjgeii^ I madc thc foiiowiog experimeuù 

£XF£BIM£NT V. 

I planted in each of two pots fiUed mûx moîat e^rtfa» 
a small arenaria tenuîfolia. The two plants were of 

equal weights, and nearly similar. They were inserted 
into two jars, containing each fourteen cubic inches, one 
of which was fiUed with nitrogen, and the other with 
carbonic acid. The jars were inverted in mercuxy, and 
expoaed to the solar light for foorsucoessÎTe days of fine 
weather in the month of Julj. The plant in the car« 
bonic acid now looked well and healthy, that in the 
nitrogen dark and faded. The mercury in the jar 
filled with carbonic acid, had ascended considerably. 
The gases were now cxaniincd. In thc jar with the 
carbonic acid there was a deficiency of 2-3 cubic inches. 
Afier the carbonic acid -wta taken up by potash, the 
femaining gas measured two cnbic inches» and proved 
to be phosoxygen. In the jar containing nitrogen^ the 
gas was not diminished more than three-tenths of a cubic 
inch. On the introduction of sulphure of potash a small 
diminution took place, amounting to six-tenths of a 
cubic inch. This diminution was, I suppose, owing to 
the absorption of phosoxygen formedfirom the décompo- 
sition of the water of the plant 

From this experiment, which I have repeated two or 
three times on diflPerent plants with similar results, I 
conclude that carbonic acid is decomposable by the 
force of two attractions ; that of light for oxygen, and 
that of certain organised carbon attractors for carbon. 

Thus then we find in the veg^table world a source 
for the decompositicm of the cubonic acid and water 
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fonned in respiration and combustion. Tt is cbiefly by 

the iiicans of vcfic tables that the equilibrium of the 
atmosphère is pre-scrved, and on their chcniical iiiHueuce, 
aiid that of light, do we dépend tur uur existence* 

Animais may be conndered as absorbing in their 
respiratl<m phosoxygen, and as taking in in their nutri- 
ment, hydrogen, caibon» nitrogen, and oxjgen^ and 
gi\ ing out perpetually thèse principles in new combina- 
tions; water, carbonic acid, and })iubablv aiumouia and 
elcctric fluid. On this perpetnal séries of clianiros their 
iife appears to dépend. Vegetables, ou the other haud, 
are continualljr absorbing water, carbonic acid» and 
probably ammonia and nitrogen^ and assisted by light 
in the exercise of their oiganic fonctions giving out 
phosoxygen. 

Without vcgctablcs animais would ceasc to exist, and 
vrcrc locomotive perceptive bt iiiifs reniovcd ârom the 
earth, yegetable life would soon be at an end. 

The végétation of land plants then may be considered 
as the great source of the renoyation of the atmosphère 
of knd animais. 

We sbaH proceed to investigate the manner in which 
the inliabitants of tbe océan are supplied with phos- 
oxygen. For as the experiments in my last cssay prove, 
they continually requixe it as well as land animais. 

I hâve found by experiments, that water equally 
dissolyes piiosoxygen and nitrogeni and that nitrogen is 
not expeâed from water by pbosoxygen. The myriads 
of inhabitants that people the immensity of the océan 
are continually absijrbing phosoxygen, and gWing out 
carbonic acid, &c. 

The sea water may bc considered as continually dis- 
solving atmospheric air. Now if there were no source 
for tbe absorption of the nitrogen and carinmic acid 
V oi.. n. F 
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held in aolation by water, and for the production of 

a quantity of phosoxygen equal tothat absorbedby fish, 
the waters of the océan would soon become satuiated 
with nitrogen and carbonic acid^ and tke perceptive 
inhabitants of it would cease to eziBt 

As land Tegetables are the renovatots of the atmo- 
sphère of land animalfly analogy led me to suppose that 
sca vegetables must be the préservera of the equilibrium 
of the atmosphère of the océan, 

I hrst attcmpted to détermine whether like land 
yegetables, they produced phosoxygen during the pre* 
sence of light; for this purpose I made the foUowing 
ezperiment 

EZPEBIHENT VL 

Into a green glass globe containing a hundred and 
eighty four cubic inches of sea water, I inserted a large 
sprig of fucus natansy another of confenra fœniculacea, 
and three or four pièces of an ulva, with the name of 
which I am unacquaiutcd. The globe was exposed to 
the solar Ught. It had not bccn exposed many minutes, 
when I beheld with great pleasure, globules of gas form> 
ing on the T€|;etable8, which in a short time were raised 
by them to the top of the globe. In àbout a quarter 
of an hour, a large globule was formed, and in about 
two hoiirs, sufficient to measure. It was one cubic inch 
and half, and by trial with nitric phosoxyd, proved to 
be -^^j^ parts phosoxygen^ and azote.^ During this 
expérimenta the thennometer stood at 47^, and the baro- 
meter at 29*9. 

Having ascertained that a compound gas was pro- 
duced from water b} the marine cryptogamiae, with a 
* A g«a undiminisfaable bj nitite photozyd. 
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larger propoTtion of phosoxj^^ than atmoepheric ûr, 

I made tlu tbllowing experiment to ascertain whcther 
ail the marine crvptogamia produccd thi- gas, and 
whether it w as purcr w heu the diâsolved air was expelled 
firom the water by boiling. 

£ZPERIMBNT VIL 

Into a green glass glohe contaiuing a iiuiKired and 
four cubic inches, filled with sea water previouslj well 
boiled to cxpel the atmospheric air, I inserted two cubic 
inches of fucus fibrosns. The globe was înserted in a 
▼essel of boiled water, and exposed to a biight sunshine. 
Soon after its exposure the fucus became covered with 
a vast numbcr of globules of air, which raised it to the 
top of the globe, and thcn detached themselves to form 
laiger globules. In about four hours suificient gas was 
fonned to ascertain the quantity and quality of it It 
measured two cubic inches and a quarter, — ^the mercuiy 
in the barometer standing at 30 inches, and the thermo- 
meter at 54^ By trial with nitric phosoxjd ît prored 
to be -jV^ phosoxyfreii, and azote. 

The globe beiiig exposed the next day for six hours 
in a very bright sunshine, three cubic inches were 
formcd, about -^^jf phosoxjgen, and -f^ azote. 

The day afUr, the globe was exposed for nine hours 
and hàlf of moderate weather; three cubic inches and 
^ half were fonned, of nearly the same quality as the 

^ last 

( On the fourth day of thib experiment the sun shone 

very bright for five hours ; two cubic inches were 
£ormed, aaote, and phosoxygen. 

AU the gas in this experiment which was not dimi» 
nished by azotic phosoxyd, was put into a vessel, and 

F 2 
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when examined, proved to be two-thirds nitrc^en^ and 
one-thirtl carbonic acid. 

From this experiment it appears that the fuci produce 
pliosoxygen during the présence of the solar light. The 
nitrogeo produced in thU experiment most probably 
mee fiom a small portion of atmoephevic air» wfaich 
irater stiU holds in solution though boiled* 

EXPERMBNT VnL 

Two cubic inches of ulva dichotoma were inserted 
into the globe oontaining a hundied and four cubic 
inches» fiUed with water preyiously boiled. It was 
inserted in a jar containing water of a sîmilar kind. 

Tliis globe \vas exposed for four da^s 8uccessivcly to 
the solar light. On the first daj, iu eight hoiirs of siin- 
shine» three cubic inches and half of gas were formed» 
ffy phosoxjgen, and azote. 

On the second daj, when the sunshine was uncom- 
monlj bright, in six hours two cubic inches and half 
were formed, of phosoxygen, and -fj^^^^ azote. 

The third day was showery, and the suii often ob- 
scured ; in nine hoiirs l>ut two cubic inches and quarter 
were formed» containing -^i^ phosoxygen. 

The sun was eut and veiy bright continually for seven 
houxs on the fourth day; two cubic inches and half 
were formed, ^^^^^ phosoxygen, and -^Vj asote. 

ExFEBUf EKT IX. 

Into the green glass globe of a hundred and four 
cubic inches, fiUed with boiled sea water, two cubic 
inches of conferva littoralis were inserted,- and the same 
précautions being taken as in the last expérimenta the 
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globe was expoeed to the solar light for four hoius ; in 
tins time fiye cubic inches of gas were formed» of the 
quality of 76.* 

The next day the globe was exposed for seven hours 
of simshine, aad sij^ cubic inches were formed» of the 
qualiQr of 78, 

The day after» the globe was again ezposed £6r eight 
houj^ ; ÛTe cubic inches were Ibnned» of the quality 
of 81. 

On the fourth day, the weather in the morning was 
cloudy; but in the aâemoon the sky brightening, it 
was ezposed for ihree hours and hal^ and in this time 
two cubic inches were formed^ àbout 86* 

The gas produced in this expérimenta unalterable by 
nitric phosoxjd, was chiefly nitrogen. 

During the whole course of thèse experiments, I per- 
ceived no sensible différence in the production of gas 
eorvesponding to différence of température* 

From thèse ezperiments it is évident that the différent 
orders of the marine cryptogamia are capable of decom- 
posing water, assisted by the attraction of light for 
oxygen. 

I disoorered by analysing the sea-weeds, that they 
were oomposed chiefly ofhydrogen, carbon, and nitrogen. 
As carbon is incapable of solution in water, it is evi-* 

dent that the sea-weeds must obtain it from the décom- 
position of some of its combinations. I found that sea- 
w eeds placed in water saturated with carbouic acid, pro- 
duced no altération in it in the dark for some days, 
ezcept that of disengaging portions of the dissolved 
ca rbonic acid. 

* To pce? eut nnneeeMary repetltloni, I iball for th« ftitore ezpréM 
^ba quality of gaseï by giving the quantity of phosoxygen in 100 parts, 
from whenoe tho quantity of aiote wiU be luiown. 
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To détermine theîr capability of decomposing it, 
assisted bj the attraction of lif^t ibr ozygen^ I made 
the foUowing experiment. 

EXPSRIMENT X. 

Into a vessel containing sixteen cubic iaches of car- 
bonic acid, two cubic incbes of conferva scopttlflris were 
inserted. The vessel was inyerted in mercaiy, and 
exposed to the solar light. It remained in a bright 

simshinc for cight hours, and at the end of that lime 
was examined. The gas was diminislied to cleven and 
half cubic inchcs, so that there was a deficiency of five 
cubic inches and half. Of the eleren and half cubic 
inches remaining» two were phosoxjgen» the remainder 
pute caibonîc add. 

To détermine that the whole of the phosoxygen pro- 
duced in this exj)( l imc nt did not arise fruiu the dccoiii- 
position of the water in the vessels of the plant» I made 
the foUowing comparative expeiiment» 

£xF£am£NT XI. 

Two vessels, containing each ten cubic inches, were 
fiUed, one with carbonic acid, the other with nitrogeu, 
undcr mercury. Into each of thèse, sîxtj grains of 
conferva littoralis, previously wiped dry^ were inserted. 
The vessels were exposed to the solar light for six hours» 
and then examined. The carbonic acid was diminishcd 
two cubic inches, the nitrogcn not more than onc-fourth 
of an inch. One ciibic inch and seven-teuths of phos* 
oxygen was found mingled with the carbonic acid» 
with the nitrogen only six-tenths of phosoxjgen. 
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EZPERIMBNT XIL 

Two glass globes, containing a hundred and four 

cubic inches each, were fîUcd, one with boiled sea water, 
and the otlier with sea water holdinf^ in solution carbonic 
acid. Into cach oi them was inscrted a hundred grains 
of fucus natans. Thej were then exposed to the solar 
iight for four hours» and at the end of that time ex- 
amined* In tbe vessel containing carbonic acid and 
water, three cubic inches of gas were formed, Bixty-four 
parts phosoxygen, sixteen carbonic acid, and twenty 
nitrogen. In tbe vessel with water, one cubic inch and 
six-tenths, of the quality of 75. 

From thèse ezperiments it is évident that carbonic 
acid is decompomble bj the attraction of the manne 
crjptogamia for carbon» and that of light fi>r oxygen. 

Sînce nitrogen is one of the prînciples of the marine 
cryptogamia, and since it is heid in sohition by water in 
a very large proportion in atmosplieric air, it occurred 
to me that the marine cryptogamia attract it irom the 
atmospheric air dîssolved in the sea, and combine with 
it. To ascertain this I made the fol]owing experiment. 

ËXPEBIMENT XUL 

A glass jar containing thirteen cu})ic inches, was 
filled with nitrogen under mcrcury. Into this, tw^o 
cubic inches of conferva purpurascens were inserted, and 
the quantity of gas in the jar accurately determined. 
Thus disposed^ the whole apparatus was suffered to 
remain in the dark ; the mercury in the thermometer 
standins: at 61°. After four days the apparatus was 
examined ; the mercury had ascended considerably, and 
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thc gas was measured. There was a dcficiency of a 
cubic inch and half. I could not discover that way 
gas had been given out by the plant. 

ëzfbbuibnt XIV. 

A small glass ressel containing eîght cubic închcs^ 

was filled with nitrogcn under mcrcurj. Into this two 
cubic mches of fucus vesiculsous were inserted. The 
apparatus was exposed to the solar light. Aftex re- 
inaining for two days of fine iveathcrj the gas was ex- 
amined; theie was a deficiencj of a cubic inck and 
qoarterj and half an inch of the gas remaining was phoe* 
oxygen. A cubic inch and three quaitm of nitrogen 
were consequently absorbed by the plant. 

The similarity of the constitution of the atmot^phere 
dépends on the equilibrium between the gases absorbed, 
and those generated. 

Locomotive perceptive beings are continually absorb* 
ing phosoxygen in their respiration, and giving ont 
carbonic acid, water, &c. Vegetables, assisted by the 
attraction of light for oxygen, are continually dccora- 
posing water and carljoiiic acid, of wliich the oxygen is 
liberated in combination with light, and the hydrogen 
and carbon combine with them. 

Nitrogen is probably liberated during animal action ; 
and this principle is likewise absorbed by some of the 
vegetables^ 

'i ii€ equilibrium of the gases hekl in solution by the 
waters of the océan is preserved by the marine crypto- 
gamia class of vegetables. 

The marine animais are continually absorbing the 
phosoxygen of the atmosj^ric air held in solution by 
water, and giving out carbonic acid, and probably other 
principles. 



Digitized by Googk 



CAUSES OF THE COLOURS OF ORGANIC BEINGS. 105 

. The marine Tegetobles are continuaUy absoibing the 

nitrogen of the atmospheric air held in solution by 
water ; and assisted by the attraction of light for oxvercn, 
decomposiDg water and carbonic acid^ combining with 
the hydrogen and caibon, and tiberating the oxygen in 
oombmaUon with tts attractor light 

Thu8 the sea-weedfl that every where cover the rocks 
al the bottom of the océan, are continually giving ont 
phosoxygen diiring the présence of light. Tn the 
deeper parts of the océan the phosoxygen, continually 
formed in small globules, is probably almost whoUy dis- 
solved by the sea-water befoie it can reach the atmo- 
sphère above ; but near the sea^coasts where the marine 
confervae are fouml in iinmeiise (juantities, the greater 
portion of the phusoxygen formed on their leaves is 
liberated into the atmosphère** 

From this discovery we are enabled to aecount for a 
number of phœnomena hehre inexplicable. 

1. In what manner the equilibrium of gases dissolved 
in the océan is niaintaincil. 

2. Wliy the sea air is purer than that of the land. 

. 3. Why the air near the sea coasts is even purer than 
that on the ocean«t 

• The followingiâ an accouut of the cuiniositioa of the atmosplierc in 
cliifcrent parts of Mounta Bay in Cornwalî, w lii rc the expcniTicnts on the 
marine cryptogumia were made. On a calin inorning in May 1798, the 
mercury in the barometer standing at 29 3, and that in thethermometer 
at 56, tiie air in fhe middle of Pensaïuie contiined S8*5 per cent, phos» 
oxygen. The «ir on <he rocks of the Bea-ihore 80. The «hr on the aea 
aboat a Airloi^f ffom the shore^nearly the tame proportion ; ata qnarter 
of a mile firom the ihore, fhe 'proportion mut 30*19. About a mile, 80*1. 
At two miles 29' 12, and at four miles SO. On a cahn moming the air at 
tlic land's end was 29*13. 

t [Thèse were inferences from erroneous expérimente. Vide hî'^ 
" account of a new eudiometer" in this volume, in which they arc 
corrected.} 

F 5 
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Nature tKen hss catenated together organîc beings, 
and inatlc therii iiiutiially dépendent on each other for 
their existence, and ail dépendent on light. 

A privation of light woald be immediately destruc- 
tive to organic existence ; végétation would cease ; the 
supply of phosoxjgen would be quickly eut off from 
animais ; the lower strata of tbe atmosphère would 
become composed of carbonic acid^ and perception and 
Volition wonld cxist no longer, 

The irritabiiity of the living fibre of ])lants appcars to 
dépend on the equilibrium between its principles. This 
equilibrium is preserved by light. The principles of 
the fibre are chiefly carbon^ hydrogen» oxygen» and 
light. Some of them contain portions of nitrogen. The 
irritable vegetable fibre appears to be a phosoxyd similar 
in some respects to the animal fibre, but cuniaining 
smaller proportions of nitrogen and light. Différent 
vegetables possess différent durées of irritabilily. The 
mimosa sensitiva, the dionea muscipula, and some other 
plantSy possess an irritability so exqaisite as to border 
on the sensibilîty* of animais. The irritabîlîty of the 
sea-weed is so indistinct as to be scarcely perceptible. 
The more ])erfect land vegetables, possessed of a vas- 
cuiar System, require a supply of food slowly and 
regularly. They possess a power of giving out as excre- 
mentionsy the principles which are noxious to their 
existence^ and by a beautifiil economy of nature are 
capable of reproducing their species. 

The marine cryptogamia, in their organization and 
functions, are very much info ri or. Attached to the 
rocks on the bottom of the ocean^ they assimilate to 

* The observations of a most ingenious philosopher, Dr. Darwin, 
rend» it probable thftt scniie of Hie more perfect vegetables poMew um^ 
nbility. See Darwia'f Zoonomia, toI. L p. 101 and 108. 
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them nitrogen and water, and asaisted by the attraction 

uf light for oxygen, combine with liydrogcn aud caiboii ; 
they appear to possess no regular vasciilar system for 
the circulation of Huids, and absolutely in their généra- 
tion and growth appear to follow the law of assimiUtion 
of parddes» aîmilar to that bj which minerais are crys- 
tallifled. 

The light entering iiitu tlic cuiuposition of vegctablcs 
appcars not only to be the principle on which their 
irritability more pecuhariy dépends, but hkewisc to be 
the principle to which they as well as ail substances 
chiefly owe the diâlerenoes of their coionr& We do not 
assert that light is the gênerai colourtng principle ; thia 
would be absurd in the présent state of our kuowledge. 
We shall attempt to demonstrate that many vivid 
colours dépend on combiued light. 

Ahnost ail the simple substances and the combînations 
of the simple substances that contaîn no light^ are 
either pellucid, wbite, or black. Among thèse are the 
gases, water, alcohol, the acids, the alkalics, the pure 
earths, pliosphorus, sulphur, when in its pure ï^tatc and 
uncombined with light,* carbon, aud the différent me* 
tallic substances which in gênerai are either white, or 
black and white, that is, grey. Copper, which is 
yeUow, appears to contmn light, and probably some 
other metals. 

The compounds into which oxygen euters, and wluch 
contain no light, as oxyds, acids, &c. are likewise geue- 
rally either transparenl^ white^ or black; transparent, 
as the simple acids and some of the ozyds; white, as the 

• SulpTiur, in ito oonunon state, evidently contains a portion of light, 
M is évident from the cxperimont nientioned in tliat part of the Jast 
Ciflay wbich relatea to phosphorescent bodies. 
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oxydsof kad, zinc, and anttmonj; black, as the oxjdof 

irun. 

The morganic compounds containiiig pho&oxygen, 
are almost ail of vivid colouis; and thèse colours appear 
to be in aome nieasQxe comepondent to the qoantities 
of ligbt entering into theîr compodtion» A small quan- 
titj of ligbt combined with oxjgen and metallic 
bodies, renders thcm either brown, as the argeiiiic and 
ferrie phosoxyds,* or piirple, as tbe auric phosoxyd. 
Bodies containing a laiger proportion are either green, 
88 the cupric phosoxyd» or yellow» 88 the tungstic 
phosoxyd. The phosoxyds oontaining a still laiger 
portion of light, are bright red, as the plumbic and 
mercunc phosoxyds. The chromic phosacid, as was 
obscrved in the last essaj^ iikewise owes its colour to 
combined light. 

The phosoxyds lose their goIoutb when light is sub- 
tiiicted firom them m comlniiatioii with oxygen. 

When the tungstic phosoxyd is exposed to light, it 
gives ont phosoxygen^ and turiiH from yellow to blue. 

The meronric phosoxyd, on tlic sabtraction of a pur- 
tion of its light in combination with oxygen, bicornes 
brown. 

The plumbic phosoxyd Iikewise becomes brown on a 
subtraction of a portion of its light and oxygen ; when 

the whole of its light is subtracted, it becomes white. 
The suiphuric acid combines with the plumbic oxyd» 

* In my last essay, treating of the phosoxyds, I hâve neither iuea> 
tioned the ferrie, cupric, or lihie cobaltic phosoxyds, becanee I am poB- 
seiaed of no ftcts whlcii abtoliitèly prore pr«Miice of light in thete 
bodicB. Thia, homefer, ia extremély probable, not only tnm analogy , 
bat ihnn Ihe plisnomena obierved in Hieir oxydation. ISia variety of 
eolours of the oxyds of iron combined with earths^ fte. dépend moft 
probably on the différent qnantttiea of light entering into their eom- 
poaition. 
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but not widi the plambic phoeoxyd. When it is poured 

on the last, phosoxygen is given out, the phosoxyd gra- 
dually loses its colour with its light and oxygen, be- 
comes white, is converted into an oxyd, and combines 
ivith the acid* 

The green pnusîate of iron, on a subtraction of 
oxygen and light fiom it, becomes blue. 

The whiteness of etiolated vegetables is occasioned 
by the deficiency of light; the différent sliades of green 
in the leaves of vegetables dépend on the iight entering 
into their compoâtion ; and the fine colonrs of the dif- 
fèrent floweia appear to be produced by combined light, 
88 will appear irom the foUowing expérimenta and 
observations, 

EXPEIUMENT XV, 

Two lettaces of equal sise, both fine, healthj, green 
plants, were planted in two pots fiUed with moist earth^ 
one of thèse plants was inserted in a jar filled with 

carhoaic acid, and deprived of Ught. The other was 
exposed to hght and atmospheric air. In about twelve 
hours the inferior leaves of the plant in the dark began 
to iàddf which obliged me to remove it ont of the jar 
fiUed with carbonic acid, and expose it to atmospheric 
air. It remained deprived of light for six days, during 
which time it was plentifully supplied with water. At 
the end of this time the leaves were very pale, the lower 
ones perfectly white ; on the upper ones a few spots of 
green remained. It was agaia deprived of light, and 
daily supplied with water. After remaîning for a week 
it was again examined: the leaves were now quite 
white. 

The plant which had beeu exposed to Ught and air 
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was now examinée!. It was of a fine livel y gieen, and 

mucli kuger iliau thu ctiulaLed plant. Equal weights of 
the loavos wcre anaîysod by destructive distillation. 
The oiiiy perceptible diâèreiice in the products was a 
larger proportion of carbonic acid and water in the 
white» and in the green more hydrogen and residual 
Carbon. I obtained firom aome of the remaîning green 
leaves, by a low beat, a amall quantity of phosoxygen 
mingled with carbonic acid; frora the white, carbonic 
acid alone. 

I have oflen obtained from the green leaves of vege- 
tables, by applying a low beat veiy gradually, amall 
portions of phosoxygen ; finom which it appeara that the 
green eolonis of vegetables dépend on the light» or the 
phosoxygen enteriu<^ înto their composition, and the 
wbiteness of etiolatcd plauU, Lu tlie deficiency of light 
in tlieir composition. 

Plants, in the process of etiolation, lose tlie light 
combined with their leaves, and become white. They 
are as well capable of combining with a laiger propor^ 
tion of light» andthus sapersatorated with light, become 
bright coloured red or orange, as wiU appear from the 
foUowing expcriment. 

Ex PERIMENT XVL 

I procured two lettuces and two pknts of sorrel 
(mmex acetosa) of nearly the same sue» One of each 
khid was planted in moîst clay^ which had been before 
proved to be fit for végétation, the other in silicious sand 
mingled with a litile claj. The plants in the clay were 
placcd iindcr a shady wall and daily watered ; those in 
the sand were placed in a situation constantly exposed 
to the snn^ and were sappUed with very smaU quantités 
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of water. In about six days the plants exposed to liglxt 
became spottcd with red and orange in manj parts of 
theîr leavea. Thèse spots continued to incfease in 
number and stxe» and in about a fortnight the oolour of 

tbe iipper parts of the leaves of the lettuce were changed 
to H dark red. The upper parts of the leaves of the 
rumex acetosa were red, and the lower of a duaky 
green. The plants in the shade were of a fine gveen. 
Comparative analyses of eqoal parte of the green and 
the red leaves were made* The résulte of three ezpe- 
riments were, that the red leaves contaîned more phos- 
oxygen, hydrogen, and residual carbou, and the green 
more carbonic acid and water. 

From this ezperiment it is évident that the red or 
brown cdours of leaves toc much ezposed to light, is 
owing to their containing a superabundance of light, 
which, in the analysis, combined with oxygen. 

The différent coîours of the leaves of différent plants 
then, most probably dépend on the ditîërcnt quantities 
of light, oxygen^ and carbon, entering into their com- 
position. 

Flowers, like leaves, dépend for theîr vivid odouis on 

the light entering into their composition. The red 
flowcrs, as the rose, auenionc, Ikc. appear to contain the 
greatest quantities of light I have found by experi^ 
ment that red rose trees, when carefuUy included £rom 
light before their flowers begin to a|^[>earj and supplied 
plentîfully with water and carbonic add^ produce flowers 
almost white. 

By making comparalive analysis of the winte and red 
roses^ from several expcriments, I think I have every 
reason to conclude that the red roses owe their colonrs 
to combined light 

6y distilling muriatic acid from red rose leaves» I 
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discovert' d that a smaii portion ot" the acid converted 
into awriatic phosacid, wlikh pfom thttt^4à»f«MkiMi 
leavies ooDtain lîght and ozji^eiL .' itnf^i témti 

The pinlc, ofange eoloniêd» and jdlow^llôiMiiii^pÉMr 
to eontain nnatter proporttoiui of light ; the dark purple 
and blue still less. In the white flowers I havc ne ver 
l>een ablc t(i ckkct ilic présence of li^ht. Tlie fine 
colours of ûuila, which dépend entirely on their expo-, 
sure to light^moMpiobably dépend» like thoee of itonH| 
on the light entering into their bompoaitioo* : i. ji «m 

I haye made flome expérimenta on the marine «rj^iÉ» 
gamia^ which 0eem to prœre that they m ^aveoÈBt tkf 
the same laws of colour as land vegetables. I have 
sueceeded in ])lanchinii' t\w dark coloiircd conlcrva' by 
secluding them tioin light, and their différent colours 
appear to dépend on the diôerent quantldes of jj^b^ 
oxygen» and caibon, entering into their nmpfpHWli 
Zoophjta and fish, the perceptiye mhabitanta ef iAe 
océan, appear to dépend on simikr causes: for jMit 
colours. I have observed that the zoophyta exposed to 
Hght are uniibriidv brighter c<.)loiircd l)ian ihosc which 
have been by any means seciuded frora it, antl I sue- 
ceeded in altering the colours of two sea anemoMi 
from a daik red to a pale pink» by secluding themr Asilt 
light : . > . i -nç 

The parts of fish which are exposed to light, asHlk^t 
back fins, &c. are uniformly coloured red, brown, green, 
yGllo\v% bine, &c. in différent fishes : but the beîly, 
which is deprived of light^ is uniformly found wiute.tfjL 
ail of them. / ; v^'î : 

Rational analogy alone would induce us to $ppp/if!fi 
that the eotouis of land animais dépend npcm .theiSamiP; 
causes. Independent of this, we have &cts and expMilr^ 
ments sufficient to establish thîs truth. 
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The hitâa that inhabît the tropical cmnitries are mueh 

brighter coloured than thosc of the north. Those parts 
of birds whicli are not exposed to light are iinitoniiiy 
pale. The feathers on the bellies of birdfi are geuerally 
pale or wbite : the back, wbich û exposed to light, is 
almost alwBjB coloured : the breast^ whicfa ia partiall j 
expoeed in most biids» ia brighter than the belly, and 
pakr than the back. Thoee parts of the eame feather 
■which are exposed to lio^lit, are uniformly bright 
coloured, wlien compared with those parts that are de- 
prived of its influence. 

The colours of qnadrupeds dépend on similar circum- 
stances. The beasts of the eqnatorial countriea are 
tmiformly bri^ter coloured than those of the polar 
conntries. The hair on the parts of beasts not exposed 
to light is unilbrnily paler than that covering the parts 
exposed to its iniluence ; and it affords a striking proof 
of the trutli of this theory, that some of the northem 
animais are dark coloured in summer^ and white or pale 
in winter, 

The human being is eqnally dependeat fi>r its colour 

on the influence of light. 

The colour of the skin dépends on the colour of the 
rete mucosum. This is white in the people that inhabit 
the north of Europe, copper coloured in the American* 
and black in the Negro. The caticley which is of the 
same colour« and equaUj pelludd in the différent 
spedes of mankind, appears to contain no oxjgen or light, 
and is most probably composed of carbon, hydrogen, 
and nitrogen. The rete mucosum is probably com- 
posed ot carbon, oxygen, hydiogen, and nitrogcn. The 
comparative quantities of carbon and oxygen in it 
appear to occasion the différences of its colours. Thèse 
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quaatitles dépend on the qoantitj of oxygen attracted 
fiom it bj light 

Liglu actinfj on the Rie mucosuiii of tlic African, is 
continually suhtractiûg oxygen, the principlc to \\lnch 
iU whitcncHs is owing. When the oxygen is subtracted, 
the Carbon bccomes the prédominant principle, and 
hence that blackness peculiar to the negioes and the 
inhabitanta of the tonid aone.* In the Americans, the 
inhàbîtants of Asia, and the southera Europeans» the 
colour varies from dark coppcr coloured to pale tawny. 
Thèse peoplc» are lo^s exposed to Hght than the Ncgroes, 
cousequentiy their skia contains a larger proportion of 
oxygen. The inhabitanta of the northera countries, 
who are atill less expoaed to hght» are white : their rete 
mucosum contains ita full proportion of oxygen. 

In Europeans we fînd the parts of the body 
exposed to light, darker coloured than those thaï are 
covcred. 

Women» who are less exposed to light» are i^er than 
men. 

A aubtnuïtion of oxjgen finom the rete mucosam by 
any means, uniformly blackens it The application of 
sulphture of potaah blackens the skin almost instantly, 

as I havc foiind by experiment. Bv combining with 
oxygen the rete mucosuiii is uniforml}' whitened. Dr. 
Beddoes whitened the iingers of a Negro by muriatic 
pbosacid» which appears capable of giying out a small 
portion of oxygen and of still retaining ail the light 
entering into its composition. 

* [The cause of the darkening effeet of the sun's raya on the rete 
mucoâum or surface of theeu<i«vcra,reuiaiuâ to be ascertaiucd ; it is op- 
posite to their effeet on the liair, whldi Ueaehed by exposnre to light : 
when mo«t ttronglj morked, as in the tmi^hunit," it it eonneeted with 
inflanunttory action.] 
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The diflferent coloura of différent parts of the organic 
matter of the bodj dépend chicfly on the light and 
oxygen entering into their coiii])usition. 

The red muscles, as we attempted to prove iu the 
laat essay, are phosoxydated cotnpounds, and probably 
owe their colour to the light enteiing into their compo- 
sition. From the white colour of the nerves, and their 
office of conducting, and being excited into sensible 
acLÎoa by condensed li<^ht, we may conclude that they 
contain no light in their composition. The artcrial 
blood owes its fine colour to the light and oxygen 
entering into its composition; the yenoos blood is 
black firom a defidency of light and ozjgen. 

The colours of the cheeks dépend on the number 
of blood vessels in the cutis, the quantity of blood 
circulating through them, the colour and thickness 
of the rete mucosum aiid the thickness of the 
epidermis. Hence those people who have a thin 
epidermis, a white rete mucosum, and a number of 
blood yessels in the cutis^ haye yeiy rosy cheeks. 
When the yeins on the sur&ce of the cutis are more 
numerous than the arteries, the colour of the cheeks 
will approach more to dark red or purplc ; when, on 
the contrary, the arteries are more in number than the 
veins, the colour will approach nearer to fine yermilion, 
which is the hue of health. 

Whateyer increases the gênerai acdon of the arterial 
System, reddens the colour of the cheeks: gênerai 
stimuli produce this effect Certain passions of the 
mind more pccuUarly occasion an increased action of 
the vessels of the skin of the cheeks. 

Though the différences of the colour of the skin in 
différent nations must haye originally depended entirely 
on the chemical influence of light; yet when thèse 
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coloiin are once produced» their changes are in some 
measuxe dépendent on the mind. Wben certain coloors 
are considered as beautifiil» the generating imagination 
makes thetn hereditary, and the chemical changes from 
the influence of light are more slowly produced. Thus 
Europeans, though exposed to light in the African 
coimtries, do not become black, but in a great length of 
time; and Negroes, thongh deprived of light, their 
aocustomed ozjgen attractor» are not blanched for 
mmy générations. 
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ADDENDA. 

Thb expérimente on the génération of heat were œade 
long before the publication of Count Runifi>rd'8 ingeni- 
0118 paper on the heat produced by friction. His 

experiments alone go far to prove the non-existence of 
calorie, and when coiupared with the sccouci and third 
experiments in niy essay, will, I should conceive, leave 
no doubts on the mind of the impartial and philoeophic 
reaaoner. 



As vegetables dépend for tiieir lifé on a certûn eqtii- 

librium between their principles, they must bc contin- 
ually suppîîed with the ditierent substances by which 
this equilibrium is maintained. 

A supply of water» carbonic acid, light, ia eoential 
to the tnie végétative proceas. The gfeater number of 
vegetables die in a short time, when deprived either of 
water or carbonic acid. 

I should suppose, that if it were possible to dcprive 
carbonic acid, hydrogen, and nitrogcn, of the water 
they generally hold in solution, they would be soou 
destructive to ail vegetable& The gases that I roade 
use of in my experiments probably contained much 
water, as I always filled my vessela under water, 
and then transferred them to a meicurial trough, 
the surface of which was covered with water saturated 
with the gas with which the experiment was to be 
made. After the insertion of the plant, the height of 
the mercury was marked ; firom whence the absorption 
of gaa could easily be known« 
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In carbonic acid confined iii this manner under 
mercuxy» many vegetables live for a considérable time. 
AmoDg thèse vegetables are the différent species of 
arenaria, the chironea centauiiom» and the sedum an- 
glicum. 

As I was obli<;ed to bc methodical m m v last cssay, 
I have only meniioncd oue experiment to prove the 
décomposition of carbonic acid bj plants, that on the 
arenaria tennifolia, because it was the most conclusiye. 
I do net, howeyer» suppose that the whole of the phos- 
oxygen produced in that experiment arose firom the 
decoiuposition of carbonic acid; some of it probably 
arose from the décomposition of the water dissolved bj it. 

Some plants die in carbonic acid in ten or twelve 
hours ; among thèse are water plants in gênerai* and the 
différent species of mmex. 



Tiic génération and gruwth of vcgctables, thougb 
apparendj very complex processcs, dépend on the 
simple laws of attraction and repulsion. The apparent 
regûlar expansion of a yegetable germ b produced by 
îts power of attracting and assimilating to itself a 
iiumber of principleB. Végétation only liitieis from 
crystalization, as being a more complex process. In 
crystalization certain particles, homogeneai in relation 
to each other, combine together according to the laws 
of their reciprocal attractions and répulsive modons» to 
form regidar figures. Li végétation, a compound sub* 
stance (that is, a gcrm) is CH])abIe of attracting diHt rent 
principles. Whcn thèse principlcs are assimilated lo it, 
it possesses the power of attracting new ones* and thus 
shoots eut into leaves of différent forms* and continuaUy 
gaîning new attractive powere^ at length produces 
flowers and fruits. 
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To illustrate this, we wiU suppose a germ of a certain 

figure, composed oi carbon, livdroLTcn, and oxypcu, 
in certain proportions. The C(iini>ui( d attraction of 
hydrogen and carbon Ibr oxjgcn, and that of oxygeu 
for hydrogen and carbon, enablcs the rrcrm to combine 
with water and carbonie acid. Tbese principles become 
aasimilated with it» it oonseqaently increasea in bulk, 
and rises above the soil wfaiefa gave it birth. Wben 
actcd on by light, a new chemical process takes place ; 
the superabundant watcr and carbonie acid, the oxy^çu 
of which rendered it wliite, are decomposed by the 
attraction of light for oxygen, and probablj by the 
mutual attractions of hydrogen and caibon £ot each 
other. A new equilibrium of principles now takes 
place ; the plant becomes capable of combining with 
portions of phosoxygcn, and its colonrgradually changes 
from white to grcen. In this nianner the végétative 
process proceeds ; from the assimilation of new princi- 
ples new attractive powers are continually gained, and 
di£ferent parts of the plant become of différent forms 
and colonrs. 

It is probable that the process of animalization is 

similar to that of végétation, aud ditiercnt only as being 
more complex. Indecd. as the principles of living 
beings become more numerous» the delicacy of organiza- 
tion increases. 

The combination of particles» homogeneal in relation 
to each other» produces regidarity of fonn* The com- 
bination of diffèrent principles, according to certain 
laws of attraction, produces irritability. Sensibility 
may be the resuit of an infiaitely more complex organi- 
zatiom 



Ahnost ail the vivid colours with which we are 
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acquainted, belong to the substances which contain 
light. VVe do not, howcver, un ;m to assert that colour 
is a liecessarv etièct of cuiiibiiied light ; on the contrary, 
many bodies that contain a considérable quantitj of 
light in their composition, are white> black» or pel- 
lucid ; white» as the phoanîtrates» black, as the phosoxyd 
of manganefle, and pellucid^ as the phoeacids. 

To call any principle the colouring principie, i» 
absurd. The coluurs of bodies, as wc attcmpted to 
prove in the doctrine of light, dépend on their capacities 
for subtracting the répulsive motion of light. The 
colours of compound substances are found in gênerai to 
be totallj différent fiom, and to bear no relation to^ the 
colours of their constituenta Two transparent sub- 
stances combining, often produce an opaque bodj ; 
and two white conâtitueiits^ a vivid coloured compound. 
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EXTBACT FROM 

A L£TT£R TO MK. NICUOLSON, 

ON CERTAIN FACTS RELATING TO HEAT AND LIGHT, AND 
ON THE DTSCOVERY OF THE DECOMPOSITION OF THB 
CABBONATE AND SULPUATB OF AMMONIAC* 

An experiment on thc collision of flint and stcel in 
vacuo, and in carbonic acid, publishcd in iny Esisay oa 
Heat and Light, ditfers considerablj in its results from 
a similar one made long ago bj tlie ingemous Mr. 
Hawksbee.t Iq repeatmg my experiments a number of 
fîmes under new ciicumBtazioes, I haye discovered the 
cause of this différence. \^ lien thc gun-lock is snappcd 
in carbuvjic acid, nv iw watcr, if a shaq) and thin ilint be 
made use and tbe sprnigs be strong, a faint red iight 
is generally peEceptible : but if the ûint bc thick, and 
sufficientlj sharp only to strike off partides âx>m tbe 
Steel without sufienng considérable abrasion of its own 
parts, — though vivid sparks are produced in tbe «tmo- 
sphcre, uot thc slightest lumiuous appearancc is per- 
ceptible in carbonic acid. Tf, instcad oï fliiit, iiuor- 
spar, phosphate of lime, or sugar, be rubbed pretty 
bnskly against steel in carbonic acid» as much light is 

In less than twelTe monthâ from the time of publlcatioii of the 
preeedii^ IBssays, the Aathor*» oonfidenee In Uie theory which he 
had adTaaced in than lespecting light and ite combinttions was abakcn. 
Hia fleepticitm aaHhe âat|ject,axiaing outof a moie extenaiTa expérience, 

and a knowledge of new facts, he exprcsscd iii a letter to Mr. NicLobon, 
inserted in his Journal, — the Number fi» February, 1800, of wtaieh the 

abore is an extract. Itoffers a strîking example, how little he was under 
tbe bondage of that " cnr.sistency in regard to opinions" which he coa- 
sidered as " the blow pui-ou of iiitellectual iife."] 
t PhU. Trana. Vol. xxiv. p. 21G5. 

Q 2 
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produced as when they are nibbed against it in common 
air. Thèse fects induce me to believe that whenevcr 
light is produced by the collision of llint and steel in 
carbonic acld, it arises froni thc collision of sinall par- 
ticles of âint against each otber, aad never ùom the 
îgnition of steel* I bave often examined in a micro- 
scope the small particles of steel stmck off by âint in 
carbonic acid ; the edges are generallj deprived of 
metalHc lustre, and exhibit an appearance of fîisîon. It 
is probable, liovvever, that this appearance is owing to a 
partial oxydation of the particle, from the deconijiosilion 
of the water beld in solution by carbonic acid. In Mr. 
Uawksbee*s experiments, the apparatus was contriYed 
in snch a way as to produce perpétuai abrasion of par- 
ticles of flint In my expérimentai the flînt was not 
sufiicîently thin to prodace lîght in carbonic acid, con- 
scqiiently it ought to liave produced none in vacuo: 
bnt if (as the facts I am a])ont to détail render pro- 
bable) the light produced by Hint, tiuor-spar» phospiiate- 
of lime, &c. on collision, be electrical, there are strong* 
reasons for believing that in a Torricellian yacuum, or 
in a vacuom formed by the absorption of carbonic acid, 
by a solution of potash gufficiently concentrated to form 
a soUd compound witli it, no light would be visible. 

Mr. T. Wedgwood ibund that fluor-spar, phosphate 
of lime, flint, &c. were luminous, not only when heated, 
but when struck together» and that under water, or in 
any kind of air. Scheele discovered that fluor-spar, 
after calcination, lest its phosphorescence. I exposed to 
a lonfr-contînued red beat flnor-spar, phosphate of lime, 
sulphate of stroiitian, sulphate of barytes, glass, sulphate 
of lime, and carbonate of lime, ail of which were before 
phosphorescent, and produced light by collision under 
water. 
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After being sufifered to cool in the Ught, tliey were 
placed oii a hcated iron succcssively. The fluor-8par, 
thc phosphate of lime, aud the sulphate of ëtrontian and 
barytes were not piiosphoric at any température. The 
calcareous spar, which had lost a portion of its carbonic 
acid, and the gypsum, were nearly as «luminoua as 
before ; the phosphorescence of the gUss and flint was 
bsrely perceptible. 

• Two pièces of calcined Huor wcrc now rubbed to- 
gether ; they produced as much light as before. The 
•phosphate of lime> the calcareous spar, and the gypsuni 
had lost their cohérence, so that the pièces could not be 
rubbed against each other with soffîcient £orce» The 
snlphate of strontian and baiytes, the glass and the 
niez produced as much light as before on collision. 

I found that ail thèse bodies were non-coiuhictors of 
•the electric fluid. Ou i-ubbing a large crystal ot'fiuartz 
with flaunel, it became highly electric. Fluor-spar was 
likewise made electric when heated and strongly 
rabbed. To prove, however, more satisfiœtorily whether 
the light produced by the collision of two non-conduc- 
tors was electric, two cylinders of glass were stmck 
against each other, so as to produce light, and one of 
them was placed in contact with a Leyden pluai. After 
a number of collisions, on applying a conductor to the 
phial, I procured a small spark. 

Two pièces of pyrites, snfficiently hard to eut glass, 
and extremely brittle, produced an immense quantity 
of li^t when stmck together in the atmosphère ; but 
not the slightest luminous appearance under water. 
This body is a good coudiu tor of the electric fluid. 
Do not thèse facts go far to prove that light, when 
produced by the coUision of bodies in water, or nou- 
respirable m, is.electhc, and generated by the rapid 
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* 

transmiBeioii of electrical flaid, excited by coUîmon 

between two non-conducting surfaces, to a conducting 
b(Kly? And, as iron can be heated to a degree at 
wbich it is capable of decompœitig oxygen gasy in a 
non-iespiiable air without being lumiiKKUi ; and as 
pyrites is not laminons nnder water, is it not probable 
that ligbt is aecidental to, and not necessarily procUuïed 
bj, higb température? 

The admission of siich inferences would be favoor^ 
able to my tbeoiy of the combinations of ligbt; bat 
facts bave occurred to me witb regard to the décom- 
position of bodies whicb I h&ve snpposed to contain < 
îight, mthout any laminons appeaiance» Till I bave 
satisfiK^torily expkoned thèse &cts by new ezperimentSy 
I beg to be considered as a sceptîc witb regard to my 
own ]Kirticul;ir theory of the combinations of light, and 
théories of bgbt in gênerai. On account of this scep- 
tidsm, and for other reasons^ I sball in future use tbe 
common nomenclatare ; excepting that as my disoo- 
veries eonceming the gaseoos oxyde woold render it 
highiy improper to call a principle, which in one of its 
combinations is capable of being absoibed by the venons 
blood, and of increasing the powers of life, azote, I 
sh'riU name it, with Dr. Pearson, Mr. Chaptal, and 
otbers, nitrogen, — ^and tbe gaseous oxyde of azote^ tbe 
propertîes and compontion of wbicb*^ bave been mis- 
undeistood by tbe chemists, who gave it that nam^ 
nitrous oxyde. 

Many months ago, I made a nnmber of experhnents « 

on the composition, analysis, and décomposition of the 
ammoniacal salts. Thèse experiments have affordcd me 
curions and interesting results; but a wish to complète 
the investigation relating to the nitrous oxyde bas pre* 
yented me fix>m pursning them to their iuU extenL 
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Âmong thèse results, as aifording useflil practical ap- 
plications, I shall mention the décomposition of the 
carbonate and sulphate of ammonia. Carbonate of 
ammonia undergoes a change in its composition with 
every change of its température : on bcing heated, it 
gives out carbonic acid, and when cooled absorbs it 
again ; when passed through a tube, heated red, it is 
decompounded into water, charcoal, nitrogen, and 
hydro-carbonate. Sulphate of ammonia, the partial 
décomposition of which was discovered by Mr. Hatchet, 
when sent through a tube heated red, is decompounded 
into sulphur, water, and nitrogen. 
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OBSERVATIONS 

ON THK 

APP£ARAI(C£S PROOUCBD BY THE COLLISION OF ST£EL 

WITH HARD B0DIE8.* 

1. Mr. Hawksbee long ago showed that no sparks 
could be produced bj the collision of flint and Bteel in 
the exhausted receiver of an aîr-pump ; and that in thia 
case a fiûnt light only was perceîved. And, since hîs 

timc, the same observation luis been verv oftcn niadc. 

The dcvclopmeiit of the theory of coiiil)ustion bas 
ciearly shown that the vivid sparks obtained hrom steel 
in the atmoephere, are owîng to the combination of the 
small abraded and heated metallic particles with ozygen. 
But it has been a matter of doubt, whether, in the experi- 
ment made in vaciio, the faint luminous appearance is 
owing wholly to the hght produced by the fracture and 
abrasion of the parts of the flint, or only partly to this 
cause^ and partly to the ignition of the minute filaments 
separated from the steel. 

2. I hâve often found that when a fine and thin fiint, 
wbich may be easily broken, is nsed for the collision in 
vaciio, the liglit is much more vivid than when a thick and 
strong one is employed; and> with a strong âint, but 
just sharp enough to give sparks with steel in the 
atmo^here, it is seldom that any light at ail is pro- 
duced in the exhausted receiver. Thèse fàcts seem to 

* [Tlili paper, oo the aame snbject «b the precediug, wxitten two 
yem tfter, na» inteited in fhe Joainab of the Royal InatltattoD, ]hi1>- 
Hahad in. 1808* It ieems advisaUe to fntroduoe it In eeqiiciicei as a 
praetieal ex&mple of fhe deteetloB and ooneelion of error bj expeiimen* 
tal icteareh.] 
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sliew that the abraded particlcs of steel are nul rcu- 
dered at ail luminoiis by collision, cxccpt in consé- 
quence of combustion ; aod the opinion is almost ûiiiy 
proyed bj the foUowing expérimenta which was made 
in the course of a lecture on the properties of light, in 
the théâtre of the Royal Institation, and which has 
heen sînce often repeated. 

3. A thin pièce of iron pynLcs,* (^tiuiphuret of iruu, j 
was inserted in a gnii-lock in the place of tbc flint. 
It gave by collision in tlu atmosphère very vivid sparks, 
wlûch were chieûy white» firom the combustion of the 
partides of the steel; but sometimes mixed with a few 
red sparks ûx)m the combustion of the partides of the 
pyrites. The gnn-lock was introduced under the re- 
ceiver oi au iili-paiiip, and tlic cxhaustion was made till 
the mcrcury in the short gage stood at about j''^^ of an inch. 
The lock was then snapped ; but no light whatever was 
perceired; and the phenomenon was uniform^ every 
précaution being taken to render the room dark^ and to 
préserve the apparatus in order. 

4. It is well known that in common cases the finest 
steel wLrc docs not burn with a white light or sparks in 
the atmosphère, unless it havc bccn pn^viously heated 
to a degrec mucb above that ot tiie red beat ; it conse- 
quently at first view nppears extraordinary, that the 
partides seperated irom the gun-lock should be heated 
so as to bum vividly in air ; and yet not so as to appear 
ignited in vacuo; for it is not easy to conçoive that they 
émit light, which from the minuteness of thcir \ olume 
cannot be perceived ; or to suppose that the opacity of 

* The ctyuioiofry of the name of thi? substance shown thnt it'^ jno- 
jjerty of giving fire by coUiaioa was very anciently known. it v.ii» xif^cd 
iii tiie old guu-locks, with the revolving whecl, for iatiHjjiing the 
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the metallic substances should hinder lipcht generated at 
their points of contact from being visible. I had for- 
merly Bupposed, in reasoning upon the phaînomenon of 
the collision of âint and steel, that beat and 
might in common instances be only aocidentally co- 
existent ; and that in certain cases Teiy high tempeiar 
tures might be produced without causing the appear- 
ance of light. At présent, howevcr, I am inclincd to 
believe that the phaînomenon nmy be adequately ac- 
counted for n[>oQ principles that coincide with the 
conimoD facts relating to the production and communi- 
cation of beat 

Mr. Stoddart* bas shown» that when steel is gra- < 

dually beated, it bef^ns to change colour at about 4S0P 

i ahicnlieit. Aiul this change of colour is occasioned 

])y its conii)iiiaLiuu with oxygen, and as there is every 

rcason to bcbeve, miist l)c coimected with tiie évolution 

of beat. At about 600^^, a température mucb below that 

of îgnition, it oxydâtes rapidJy» and becomes CQ^esed 

with a bluish grey coating. And thoogh in thèse cases 

of oxydation the beat erolyed at the sui^ice of the métal 

is not sufficicnt to raise the température of steel wire or 

of steel plate, so as to cause u lu enter into the vivid 

conibustion ; yet in actiug upon such a minute biament 

as that struck off in the gun-lodc it may be sufficient to 

keep up the process of oxydation tiU it becomes soiôiîâ 

as to occasion the strongest beat and light. Besidei^ 

the surface of this filament is very great as compaxvd 

with its bulk, and the oxyde produced upon it is tess , 

iikcly to form a coat winch might défend tbe initifior 

paris from ilic action of the air. 

It would not be diffîcult to find many analogous . 
instances in which the progress of oxydation is depen- 

* Nicholson's. Journal, 4to. vol. iy. p. 130. 

I 
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dent upon the msas of the combustible body, or râther 
upon the relation of this mass în surface : Unis, a vcry thin 
and smaii bit of pbosphorus w^li iniiatue spontaneouâly, 
aad bum with the vivid light, when wnpped up in fila, 
ments of fine cotton ; whBat a thicker and laiger pièce 
vnll OTÛj shine with the fteble Une light ; and thovgh 
a laige mass of zinc may be melted in the atmosphère 
without inflaminj?, a small and thin shaving will burn 
vividly long beibre it la heated to the température, of 
fusion. 

5. In eonsideiing the gênerai phflenomena of the pro- 
duction of heat and lîgbt by mechanical means, it is diffi- 
cuit to conceive that anjconâderable increase of tempera* 

ture can be produced on a metallic surface by a single col--- 
lision ; for the conducting power of the metals is siich 
as would speediiy cause the heat to be conununicated 
to the contiguoua parts; and even in the case of the 
abrasion of minute partideSy though the time required 
for theîr séparation from the mass is to us imper- 
ceptible, yet it mus! bc suilicient to enable them to give 
out to it a portion of their heat. 

The bodies that become iuminous by being struck or 
mbbed together in vacuo, or in gases that do not con- 
tain oxygen^ or under water^ such as fluate and car* 
bonate of lime, silicious stones^ glass, sugar, and many 
of the compound salts, are both electrics per se, and 
phosphorescent substances; so that the flashes tiiey 
produce are most likely occasioned partiy by the elec- 
trîcity excited on theîr sur&ces by the friction, and 
partiy by their phosphorescence, which is geneially 
occasioned by moderate durées of heat It is not, 
however, improbable, în some cases, that by the col- 
lision of very liard atony bodies, which arc bad con- 
ductors of heat, there may be an actual ignition of 
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abraded partîcle8,*aiid the supposition is comitenanced 

by various facts. Mr. T. WedgwooJ found that a pièce 
of window-glass, wlicn broiifitht in contact with a rc- 
volvÏDg wheel of grit, became red. hot at its point of 
friction^ and gave off luminous partiales which were 
dqpttble of inflamiDg gunpowder and hydiogeii..gft8»* 
And we are infonned by a laie voyager^ f tliat tbe 
natiyes of Oonalashka light their Ares by stnking 
togcther two pièces of quartz, thcir surfaces being pre- 
viously rubbed witii native 8ulphur over dry grass. 

* Plia. Trans. 1793, p. 45. 

t Snoer^i Account of BHItog's Expeditloii to tfae Norflwm Piwta of 
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EXPERIMENTS ANB OBSERVATIONS 

ON THE 

SILEX C0MPO>î\fi THE EPIDERMIS,OR EXTERNAL BARK, 
AND CONTAINED TX OTIIER PARTS OF CERTAIN 

VËOËTABLES* 

1. A fcw days a^o Mr. Coatcs, of Clilton, iiiformed 
me that his son, accidcntally nibljing two pièces of 
bonnet-caiie together in the dark, had perceiyed a 
luminous i^pearancc. This phaenomenon was sufficiently 
Bovel and corioÛB to induce me to examine ît. I found 
that ail canes of this kind, when briskly rubbed toge- 
ther, produced sparks of white light. The luminous 
appearancc was mucb more vi\ id on collision. When 
the canes were violently struck togotlier, sparks, nearly 
as vivid as those firom the gun-lock, were produced: at 
the same time a strong smell^ râlilar to that generated 
by the collision of flint^ or the excitement of the electiic 
fluid, was perceiyed. 

. 2. I first thought that the phœnomenon was electric, 

and depended ou some résinons matter iu llic cane : the 
electrometcr, however, was not sensibly affected during 
the cxperimcnt. When the cane was stmck against 
wood of any kind, no light was perceiyed. When a 
cane was stmck yiolently against quarts, agate, or any 
sîlicioiis stone, the light was as briUiant as when two 
canes were stmck together. The Inminous appeaninee 
was produced when shai^p steel was stiuck against the 
cane. When the cane was struck against sulpiiate of 
strontian, or barytes, or carbonate of lime, no light 
appeaied. 

* {Vnm Nieholson't JonmaL 4to. ISOO. toI. UL] 
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3* Thèse ciicumstanccs iadaced me to suppose that 
the phœnomenon depended on silicious earth in the 
epidermisy or in tfae whole of the cane. To detennine 
thisy I took off a smaU quantity of epidermis from one 

of the canes. It was hard, white, and had something 
tlie appeanuice of pulvcriscd gUiss. VVhen the epidermis 
was removed, the canes no longer pofiseseed the propertj 
of giving out light on collision. 

4. To ascertain with certaintj the nature of the epi* 
deimîs, I obtained fiom 280 grains of cane twentjr-two 
graîna of epidermis: this was exposed in a craeible, to 
the stronp^ beat of an air-lUniace, for hall au hour. It 
had lost tiiree grains, was vory white, infusiblc bj the 
heat of the biow-pipe, and insoluble in any of the 
minerai adda. Ten grains of it were kept in fusion 
with caustic potasl^^ in a silver craciUe» for a quarter of 
an hoor. The compotmd was white, and semi*pellacîd. 
It was pcrfectly solubie in water, without coinmunicating 
to it any turbîdity. When muriatic acid as as poured 
into the aqueous solution, a copions white flocculent 
precipitate was prodaced. This predpitate» eollectedy 
weighed about nîne grains^ and had eyery property of 
silex. 

5. To détermine whether the wood and internai haik 
of the cane containcd any silex, I biirnl 'Z-iO crrains, 
caretuilj deprived of the epidermis, for an hour. The 
aahes were perfecdy white, and weighed about eeven 
grains. When muriatic acid was poured npon ihem, a 
portion was diasolyed with efiervescenoe. This pordon 
was chiefly carbonate of potash : the insoluble part col- 
Iccted weighed about two grains, and was apparentlj 
silex. 

6. Having ascertaîned, by thèse experîments» that 
the epidermis of the bonnet«cane was chiefly composed 




of fliiit^ iind that tlie lumnuMià appcaraiice abovc incn- 
tÎQiicd dc}>euded on Uûft composition, £ thought it 
; Ihc other canes, particularLj the «ugiurw 
and the faamboo, or arundo 
MM^'iWCÉ» aimilar in the» organisation. When two 
kaniiMat ^ém atnick toge the r, I could perceWe no 
luminous appearance. Four ounces of this caiu only 
affordcd Peven gT-ains of truc epideimi». 'J liis, cxpox d 
to a stroiig hcat, ieit live grains of white matter^ wiiicii 
had «U thi. prap^tka- of flint. The reason why thèse 
no lig^t on ooliisioD> iB> that the flint of 
ia too small in qnantitj» and too thinly 
^ ne epidsrmîa of tlie siigar-cane contained a 
still smaller proportion of flint: 200 grains of tln> nave 
five g;rains of whirc a^hes, of vvluch uiil_) une grain \\''as 
âolubie iii muriatic acid: the four grains of soiuble 
mattcr appeared to be carbonate of lime. A large pièce 
^^f bamboo (the wesght of whîch I am ignorant of% 
.^prî^ed of the epidennis, gave a considérable quanti^ 
^jjiMiWlin ■rfir iij'iir «hidi about two-thirds were soiuble 
in the muriatic addr the insoluble part was sOex. The 
ashcs of the sn^r-eane, (l( ]>rived of the cpidermis, 
appeared to bc cliLeiiy ooinposed of carboxu^te of Uwe 
^ and caibojdate oï potnih* 

7. The analogjf ^ between tlie English reeds and 
^^')iffkAb àum^ and particnlariy the siinjlarity of 
le «fj^AmiSê biûnt épidérmis^ induced me to suppoae 
that diey raight likewise contam silex. On this suppo- 
sition, I fii"st extunhied the ciru/ido pliraq-nùtes^ (»r coin- 
mon rééd. It produccd iio luniiiu)us appcaraiice on 
yoilisior^jjlfili^ liint. TwfiAtj-seveu grains of the epi* 
dermis, ex |y aod to % strong heat, gave thirteen grains 
of white em^^niaitcr^ înaoluble in the minerai acids. 
Teii grapi||||C|lii».tr^ with tbir^^fbur grains of 
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potash: the compound was solublc in water. The 
nitrous acid threw dowu iroiii thc a(|iieons solutiou 
a white floccuîent matter, which was necessariiy flint: 
this matter I did not weîgh, but I conjecture that it was 
about seven or eight grains. One hundred and ten 
grains of the reed from whence the epidermis was 
removed gave about six grains of flint. 

8. I now examiiiL^d the ciiliu oi" wlieat ; 200 grains 
bumt gave thirty-one grains of white ashes; of thèse 
eighteen grains were soluble with effervescence in the 
muriatic acid: the remainder had ail the properties of 
silex. The matter dissolved in the muriatic acid was 
potash. The ashes of oats and barley afibrded silex in 
nearly the same quantitics as tliose of wluat. The 
culms of the grasses, among which I examined anthrax- 
anthum, poa pratensis, and some others, appeared to 
contain more silex in the epidermis than even thé 
coms» with a much larger proportion of carbonate of 
potash. 

9. The silex in ail thèse vege tables, as in the canes, 
appeared to be contained in thc epidermis, or in the 
second bark. When the plants are carefullj bumty the 
âgure of the epidermis is preserved. In the cane, 
when well bumt, it has a white glossy appearance, and 
is semi-transparent. In the reeds, coms, and grasses it 
is white antl opaque, and, when viewed through a mia^- 
nifier, appears to consibt of longitudinal threads joined 
together by net-work: in the microscope, even the 
smaUest particles hâve a distinct reticular appearance. 

10. The quanttty of carbonate of potash in the ashes 
of the coms and grasses, induced me to suppose that, in 
a strong beat, they might be fused into glass. The 
ashes of the arundo j/hra(/mites were cxposed to the 
strongest beat of an air-furnace Ibr some minutes ; there 

s. 
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was no appearance of fusion; tbe carbonate of potash 
was not suffîcient to form glass with tUe siliceous eartb. 
Thé asiles of straw, in a strong beat, gave a fine whîte 
transparent glass, perfectlj insoluble in water and indé- 
composable by acids. The ashes of hay gave a' black 
glass, with a superabundance of potasli. This conver- 
sion of corn and grass into glass, mav he cffected bv the 
blowpipe, aud atîbrdâ a pleasiBg eisperinient. A Btraw 
burat mth the blowpipe, and urged with the strong 
heat of the blue flame, beginning at the top^ îs converted 
into a fine pelludd globule of glass almost fit for micro- 
scopic experiments. A ciilni of grass is fused undcr 
the blo^v]Ji|>c into a globule of glass, black and opaque, 
probablj ixom its contai ning iron. 

11. Thèse facts v^ill atford some curious inferences to 
the speculator on oiganized nature. The fiint entering 
into the composition of thèse hoilow vegetables, may be 
considered as analogous to the bones of animais; it 
gives to them stability and forni, and by being situatcd 
in the epidermis, more effectually préserves their vessels 
firom extemal injury. They will probably enable us to 
détermine whether silex be a simple or compound sub- 
stance. Reed or wheat might be easily made to vege- 
tate deprived of silex, Confined under mercury, in a 
soil composed of known quantities of the saline earths, 
and supplied with distilled water and factitious air, we 
might discover whether it would compose silexj or sub- 
stitute for it another earth. This expérimenta as well 
as some others on the same subject I propose to make, 
if leisure and opportunîty occur. The numerous com- 
plex attractions of organic bcings, resuUing from their 
variety of composition, are continiially producing 
changes which the art of the chemist is imable to 
imitate. Though the chemist, at présent, can eztend 
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his power no further by tbe simple attractions and 
r^ulriye motione of in<»game matter» yet a path of 
science^ displaying a boundless field for investigatioii» 
seems now open in tfae changes eflected in dead matter 

by livmg beings. By discoverlnf^ thèse changes, we 
might go far towards discoveriug the lâws of their 
organization* 



4 
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. AN ACCOUNT OF SOME EXrERIMENTS 

HAD3 WXTH THB 

6ALYANIC APPABATUS OF SIGNOR VOLTA.* 

Lr puiSEiiiig a course of expérimenta on the galvamc 
influence, I have made some new obsen ations. They 

are connpctfMi ^^ ifh the curions facts already dctailcd in 
Mr. Nicliolsoii 3 l*iiiiusophical .Journal, f î^nd they may 
possiblj lead to elucidations of the phœnomena. 

The apparatofl that I emplojed was constructed for 
Dk» Beddoes, and never consisted of less than 110 pairs 

• [From Nicliulboa » Journal, 4to. vol. iv. — Sept. 1800.] 
t [An accouut of Volta's great discovery of tiie galvamc pile ; fixe de- 
«wnipotitloii cf wator by meaiM of it by Mewre. IHdidMm and Oirtiite, 
«ad otber chemical efibcte flitt obterred bj Mr. Crniclfthawlt and jDr. 
Heufy. 

Volta'B Ûn% letter aimonncbig bis mémorable âiseovery of the pfle 

was datod from Como» Uarch 20, IBOO; on the 30th of the following 
month, the first pile ever constructed in tlUs country wns trîcd by Messrs. 
Nîcholson and CarUsIe; and on the 2nd of May, the décomposition of 
water by it and the séparation of îts cléments apart and at a distance 
was ul)served by thcin, which was the foundatiou of elcctro-chemîstry. 
This most important fact waâ publishcd iu Nicbolsou's Journal for July 
of ihe famé year, and appeaved before Volta's own aecoimt of fhe Tdtate 
pQe, which was read to the Royal Society on the 2Ôth of Jane, and wai 
ineerted In the seeond part of the PhOoMplileal Trannotloms flur tliat 
year. The aeal wtth whloh Toltaic dectridty «as hnmediatdy cnltlTated 
ia this coimtry, was yery remarkable, and indlcatiTe of a Toy sagadoQS 
appreciation of its vast importance.] 
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of metallic plates. I foond the sensible galvanic shock 
yery much increased when the parts communicating 

with the conductors were moistencd with solution of 
green sulphate of iron. A pile crected with pièces of 
cloth, wetted in that substance, acted rather more 
intensely than a similar pile erected in the usual mode. 
It, however, lost its powere in a shorter tîme : peibaps 
a solution of the sulphate of 2inc may be employedwith 
advant^. 

a. Struck with the curious phacnomena noticed by 
Messrs. Nichobon and Carlisle,''^ namely, the apparent 
sepaiate production of oxygen and hydrogen fiom dif* 
ièrent wires, or from dî£ferent parts of the mter com- 
pletiog the galvanic circle, my fiist researches were 
dîrected towards asccrtaining if oxygcn and hydrogen 
could be separatelv produced froni ([uantities of water 
not immediately in contact with each other. 
. Two silver wires, one from the zinc end of the appa- 
ratus, and the other ùom the silver end^ were made to 
communicate with two glasses» distant from each other 
about five inches, and filled with water that had been 
long boiled, and was yet warm. Into one of thèse 
glasses 1 dippcd the fingers of my right hand, and into 
the other the fingers of my left, so that the communica- 
tion betwcen them was made through my body. Im- 
mediately after the shock, the zinc wire f began to 
calcine very fiu9t, white douds difiusing themselves from 
it through the water. At the same time gas was fonned 
round and eztricated from the silver wire in the other 

* Phik». Jonrna], p. 188, vol. iy. 

t To prevent mmeceiflary repetitionB, after Mr. Cralckaliaiik, I have 
ealled the wîrc connected with the zinc end of the apparatns^ the aînc 
wiw, and that connected with the lilTer end, the lU? er wire. 
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glasB» The communication was kept up for half an 
liour ; during this time no gas was produeed irom tfae 

zinc wire, which continued to calcine thronghout the 
process. The gas from the silver wire was caught in a 
amalL inverted cylinder; examined by the test of nitrous 
gasy it appeaied to contaîn no ozygen, and inflamed 
with twice its bulk of common air^ gave 8uch a diminu- 
tion, SB denoted it to be bydrogcn nearly pure. 

This apparatus bcin^ adjustcd as bcfore, the coiunui- 
nication between the glasses was made throiigh thrce 
persoQS ; the process went on, though less rapidly ; the 
oxjigein was fized as before by the silver in one vessel, 
whiist the hydrogen was ^ven out in the other. When 
muscular fibre, Uving vegetable fibre, or a moistened 
thrcad nul excecding thrce fcct in lerigth_, was employcd 
as the médium of coiinection between the glasses, 
similar eôects wcrc produeed, though the gas was 
eroWed more slowly than when the living animal was 
the connector. Muscular fibre n^ipeared to be a better 
conductor than vegetable fibre, and vegetable fibre a 
better conductor than the moistened thread. 

b, Several ghiss tubes about one-third of an iuch in 
diameter, and four inches long, having each a pièce of 
gold wire inserted into one end, hermetically sealed, 
and the other end open» were provided. Two bf thèse 
tubes were filled wiài distîlled water and inserted into 
sepaiate <^fasses filled with that fiuid. The glasses were 
made to coinmunicate bv mcans of fresh muscular fibre ; 
the gold wires were conuectcd with the machine by 
means of silver wircs ; one end with the silver end, the 
odier end with the aune end. Gas was immediately 
given out fix>m both the gold wires; but most rapidly 
f roin thaï connected with the silver. In four hours and 
a (^uarter the process finished; the water in the tube 
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commiiiiicatiDg with the eilyer beiog below the gold 
wire. The gases were ezamined; the quandty fiom 
the water commnnîcaring with the zinc ma equal to 

thirty-thrce grain nicasures, tliat from the water con- 
liuclcJ witli ibe silver i«' m-arly sixtv-ri\ <> '_^r;iin iiic«AùLires. 
ïhe ûuc guB wiu? luingied with eigluy measures of 
nitrous gas, costaining nitrogeu; a rapid dimimi*- 
tion took place, and yrhen the residaum waa ezpmed ta 
solution of green muriate of iron,* not ^uite 'ûve 
measures renuùned. Hence the thirty-thtee meaèlieee 
of tras evidentlv contaiiicd more thari thirtv-one mea- 
sures of oxviroTî. Tho sixtv-one n ir i^-iii r-^ ni t]ic otlic r 
tube, gave with uitrous gas a diinuïiitiuii bareiy percep- 
tible^ and iired after the absor})tion of the uitious «^aa 
by the electric spark, with sixty measures of oxy^ea, 
\eft a residuum nearlj equal to thirty-6ÎJL measnieB; 
hence the gas was hjdrogen almost pure. 

c. There was everj reason to sn])])ose, that the shght 
diUiuuitiuu piuduc'cd by Lae inixtnro oï ikc hjdrogca 
with nitrous gas in the hust expcrimexit, as well as 
the rcsidual gas of the oxygen, were owing to coramoa 
air held in solution by the distlUed water, and given 
eut from it during the process. To ascertain if tbé 
gases could be obtained perfeetly pure, when water 
deprived of its loosely combined air by boihiig was 
emploN f il, — tlie two tubes wen; liiàed with water that 
had beeu buiied for more than ei<?ht honrs, and that 
was yet so hot as to be painful to tiie lingers; the 
glasses were Med with water of the same kind, and the 

* Soliitiflii of gTCCA mniiate of Ivon speedily absorbo nitroiu gts, «ith- 

out effectiog any change in it at cornmon températures, and it is pos- 

sessed of no action on çases not absorba hlo by water and incapable of 
supporting ilame. Rolittion of groen sulphate of iroo^ likewifie absorbi 
uitroos gas withoat decompoeiug it. 
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procesB conducted as before; the tubes being suflered 
to cool belbre the commumcation vns made, gas was 

given out very l apidly from the water coniiected with 
the silver; l)ut very slowly with îhat connectctl with 
the zinc. During the whole of the process, no globules 
of air formed on the sides of tubes^ as in the last ezpe- 
liment In five honis the tube connected with the 
silver oontained My-six grain measures of gas. Tliat 
connected with the zinc contained only fourteen mea- 
sures. The fifty-six measures gave no dimunitiou with 
nitrous gas, and appearcd by the test of détonation, to 
be pore hydrogen. The fourteen measures tried by the 
tests mentioned in the last expérimenta appeared to be 
oxygen, mingled with no perceptible quantity of other 
gas. In this experiment, as in the last, the gold wires 
were not apparently acted upon, nor was t licir colour 
in the slightcst degree altcrcd ; the delicient proportion 
of oxygen, there was every reason to believe, was owing 
to the absorption of that gas in the nasoent state by the 
boiled water. Boîled water was now exposed to, and 
agitated in oxygen over mercury, till it was judged to 
be saturated with that gas. The tube connected with 
the zinc was filled with this water ; the other tube was 
fiUed with common boiled water. The galvanic process 
was continued seven bours. Tn this time the water 
çiHUiected with the zinc had given out twenty-seven 
grain measures of oxygen apparently pure; from the 
water connected with the silver, fifty-seven measures of 
hydrogen had been extricated. 

d, Having thus ascertained that oxygen and hydro* 
gen, nearly in the proportions required to form water» 
eould be separately produced firom quantities of water, 
having no communication with each otiher, except by 
means of the dry metallic conductors and muâcular 
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fibre ; I next endeavoured to ascertain, if the contact of 
thc inctallic wiics, with the metallic plates of the appa- 
ratiis were csscntial to the effect, The conducting 
ends, i. c. the silver and zinc, were made to communi- 
cate with two glaases of water, bj means of two imcon^ 
nected pièces of mnscular fibre. A pièce of ailyer wire 
was made the médium of connection between the glasses. 
Immediately after the connection, I was surprised bj 
sccing lliat ond of the wirc in thc watcr communicating 
with the feiiver calcining; whilst gas was given ont from 
that part of it in the vessel communicating with the 
7\nc ; as was the case in the broken circuit described 
by Mr* Nichokon. When the tubes with gold wires^ 
connected by silTer wiies, were employed» oxygen 
was gÎTcn out in the water connected with the sîlTer, 
and hydrogen in that communicating with the zinc, 
lu none of thèse experiinents could any |)roduction 
of gas from the muscular filjie be perceived ; but 
the parts ezposed to the water became whiter than 
before. 

When (the glasses being connected with the appa- 
ratus by muscuhir fibre) the communication between 
them was made through my body by means of the gold 
wires in the tubes ; oiie being in contact externally witli 
my right-hand, the other with my left, oxygen was pro- 
duccd as before in the glass connected w ith the silver, 
and hydrogen in that connected with the zinc. When 
I made the communication, holding a sîlver wire partly 
plunged into the water connected with the sîlver, in 
my right-hand, the fingers of my left-hand being in the 
other glass, thc silver wire became slowly oxydated, and 
no gas was perceptibly given out in eitherof the giasses. 
When, on the contrary, I introduced my hand into the 
silver glass, and the wire into the zinc glass, gas was 
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^ven OQt roand the wire^ no oxydation took place, and 
no gas was extiicated in the silTer glass. 

Wlien the glasses were made to communicate both 
wîth the machine and with c^ach other, by means of 
muscular or vegetable fibre ; and metallic wires iatro- 
duced into either or both of the glasses, and whoUy or 
partiaUy coTered with water, no gas waa giyen ont from 
them, and no apparent chemical change took place. 

Reasoning on this separate production of oxygen and 
L ydroj^en, from différent quantities of water, and on the 
experiments of Mr. Henry, jun., on the action of galvanic 
electricity on différent compound bodies,* I was led to 
suppose, that the constituent parts of such bodies (sup** 
poâng them immediately decomposable by the galvanic 
influence) might be separately eztricated from the 
wires, aiid in conséquence obtained dibtinct from each 
other. 

a, I fiUed two of the small tubes mentioned in b. 1. 
with strong soludon of caustic potash, and inverted each 
of them in a glass filled with the same substance ; the 
glasses were made to communicate with each other by 

iQeaus oi muscular fibre, aud the gold wires in the tubes 
connected with the ends of the pile. Gas was produced 
luuch more rapidly in this process firom both wires, than 
in the experiment with simple water. In tfaree hours 
no déposition had taken place in either of the glasses, 
nor were the gold wires sensibly acted upon. The gas 
giveii out in ihc tube connected with the zinc, measnred 
exactly 37 grain iik asures, and proved to be oxygen abso- 
hitely pure, for withbO measures of nitrous gas, containiug 
about ^ nitrogen» it diminîshed to less than 3 measures. 
The gas gpLven out in the tube connected with the 
silver, was equal to rather more than 72 grain measures. 

* Phii. Journal, vol. iv. p. 224, 
VOL. II* U 
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It gave no diminution with nitrous gas, and 20 grain 
liieasures of it, fired with rather more than one 20 grain 
measures of oxygen, coiUainîng about '06 nitrogen, left 
1 globale of air bardijr perceptible. 

Sutprâed at thèse résulta, which proved that no 
deooiKipoâtio& of potasli* had taken place, and that that 
substance in thia mode ci opefating oïdj enayed the 
galvanic influence to extricate oxygen and hydrogen 
more rapidl y from watcr, I was induccd to opcratc upon 
this siilistaïKe in the way of direct communication. 
The gold wires were passed through holes in the side 
of a smaU glass tube closed at one end, and connected 
ao as to be distant about the eightb of an inch. Tfais 
tube was fiUed mth solution of potasb* aad inyerted in 
glass fiUed with the same substance ; the gold wiies 
were made to communicate with the ends of the pile. 
Gas was prodaced rapidly irom both wires, but most 
from tiie silver wire ; the gold wna not acted upon, and 
no déposition took place. When near a quarter of a 
cubic inch of gaa had been collected, it was transferred 
to a detonatmg tube^ and, fired by the electric ahock 
over mercury, it gave a yivid inflammation, and left a 
globule of m not equal to of the whole quantity. 

h. Solutions of causiic ammoniac were exposed to the 
galvanic influence in the two tubes with gold wire and 

* [Dr. Henry (then Mr. Henry), from his flrst expérimenta, inferred 
that hydrogea was a constituent part of potash, — and that besides, it is 
probably composed of azote aiid carbon. He was ied into error on the 
Milject by usiug mercury, as ho htnwplf stated bï tte same ToIuiBe of 
NIiobobiA't Jounuil* To him beloi^;», aiiH»ig»t iqai^ «Ato imeilti as » 
ChemieBl PhUoeoph^, tlw no IneonÉMerable «ne <tf bdag one of «he 
flrat «ho employed galnnism aa an agent of ehemlcal analyaia; Mr. 
Croickshank alone preceded him. Had be prosecuted his early galra- 
nlo inquiries, it cannot be doubted that with his abîlity and ingenuity in 
TCfleaichi he would hâve made manjr happy and byriUiaot diflcoveiies.] 



Digitized by Google 



OALVAKIC AFPABATUB OF ilQiraB TOLTA. 147 



oomiected by mntoiilir fibre. Gas m» gmn ont very 
slowly in tbe tube conneeted ^th thé siac, and the 

gold wire was cvidcntlv acted upon, Ixîiiig in some parts 
corroded, and in other j)arts covered by a yeliowish 
deposit In the tube conuectcd with the silver, gas 
was giren oui mofe and the gold was not 

altered in iqpjpeàfanoe. In fire homs the gaa in the 
zinc tabe was equal lo 5 measnresy and prored to be a 
mixture of neailj 3 of oxygen and 2 ef nitrogen. The 
gas in the silver tube measured 31 grains, and appeaied 
to be hydrogen, raingled with a minute quantity of 
nitrogen. I repeated this exporimeni several times, 
to ascertain if, atter tbe solution of ammoniac had been 
long galranizedy the proportion between the gases 
would be diflSerent. The gas gtren ont in the sine tube 
was always to that in the niver tube nearij aa 1 to 6» 
but the quantity of oxygen appeared to increase 
towards the end of the ] >rocess. A quantity of solution 
of aiinnoniac, the samc as that used in the cxperiment 
exposed to beat in a mode deschbed iu Research. 
Chem. and Phil* readily produced -^i^ of its bulk 
of imabsoifoable gas» whîdh gave no diminution with 
nitrous gas» and appeared to be nitrogen. In every 
experiment yellow deposit was fonned npon the gold 
in the zinc tube ; muriatic acid poured upon some of 
the yellow deposit slowly dissolved it, a little nitrogen 
bemg given out during the solution. 

When a soliUion of caustic ammoniac was exposed in 
tbe silver tabc, and water in the anc tube, the gold 
wires were not pereeptibly altered* and oxygen was 
given ont in the sine tube and hydrogen in the mlver 
tube, namely, in the proportions required to prodiice 
water. When, on the contrary, water was conneeted 

• [Be«. ii. D. i. s. 8.] 

h2 



Digitized by Google 



148 EXPBRIMENT8 MAD£ WITH TH£ 

with thc silvei'j and solution of ammoniac with the zinc, 
hydrogea was piodiiccd from thc water; the zinc gold 
wire was corroded, aad the mixture of oxj'gea and 
nitrogeD to the hjdxogen as six to one (one to six ?) was 
produced as befoie« 

<?• Conoentrated sulphuric acid was gahranized in the 
double tubes connected by muscular fibre. The gold 
wire in the zinc tnbe was not dissolved or corroded, 
and in a great length of lime 41 measures of gas, which 
proved to be pure oxjgen, were given out from ît But 
little gaa was giyen out in the silver tube ; the acid in 
it was dottded with a white substance, wMch was 
evidently sulphur ; it was perpetually produced round 
the point of the wire : 15 mcasures of gas were evolved, 
which gave rather greater diminution, fired with oxygen, 
than pure hydrogen ; hence, they mi^t possibly have 
been partiaUy sulpburetted hydrogen* 

When solution of caustic potash was put into the 
silver tube, and sulphuric acid into the zinc tube, pure 
hydrogen was disengaged in the silver tube, and j)ure 
oxygen in the zinc tube ; the same phaenomena took 
place when water was employed instead of solution of 
potash. 

When water was connected with the zinc, and sul- 
phuric acid with the silver, the products were the same 

as when pure sulphuric acid was used in both tubes. 
When very dilute sulphuric acid was employed in both 
tubes, oxygen and hydrogen nearly in the proportions 
required to form water, were separately evolved. 

d, The tubes were filled with pure solution of muri- 
atic acid, and the communication made as before. No 
gas was given out in the zinc tube, and the gold in it 
was verv nuicli corroded : 30 measures of pure hydro- 
gen were coliected in tlie silver tube, the gold in which 
was not perceptibiy acted upon, When wa;ter was 
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madc to communicate with the zinc, and muriatic acid 
with the siiver, neither of the gold wires was acted 
upon ; and 22 measures of oxygen were coUected from 
the water» and 41 of hydrogen from the muriatic acid. 
When water ma coimected with the BÎlTer, and muriatic 
acid with the zinc^ Ihe same phasnomena took place» as 
when pure muriatic acid was used în hoth tubes. 

e, Concentrated solutions of nitric acid wcrc p:al- 
vanised in the tubes, — -19 measures of pure oxygen 
■were produced in the zinc tube. A globule of gas only, 
not equal to half a measure» was produced in the siiver 
tube» and the acid became green on the top. The 
globule of gas did not diminish with oi^gen ; it was 
too smaU to be tried by other testa. The gold wîies 
were not acted upon. 

Wiien nitric acid was connected with the zinc, and 
water with the siiver, oxygen and hydrogen were se- 
parately produced. When water was connected with 
the zinc, and nitric acid with the siiver» o^fgen was given 
out from the water; no gas was given out from the 
add, and it became green. 

In the experiments on the sulphuric and nitric acids, 
it is most probable that the acids were decomposcd by 
the nascent hydrogen in the siiver tube. In the ex- 
periments on the muriatic acid and ammoniac^ the 
defrciency of the oxygen in the gold tube most pro- 
bably partly aiose from the oxydation of the gold» in 
conséquence of what may be called piedîsposing 
affinity. In thèse prooesses, none of the compound 
bodics a])pear to have been immediately decomposed by 
the g;alvanic influence. 

The diâereuce between my resulls and those of Mr. 
Hemy» may be aocounted for from the différence be- 
tween OUI modes of operating. I suspect» however» 
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that on repeatiug liis experiincnts on the solution of 
potash under new circumstances, that ingénions chomist 
will find reasoDS for altering his conclusions with regard 
to the décomposition of the alkalL* Judging from the 
rapidi^ with which the gases were eztricated, solation 
of potash woiild fleem ta he a bette? oandactor tfaan 
water,— -water a better conductor than flola^on of am- 
moniac, and a solutiun of ammoniac better than either 
of the three minerai aculs. Possibly, phosphoric acid, 
and other acids, may be dccomposed when exposed to 
naacent hydn^n, prodnoed onder the galvanic infla* 
ence* If the ratio between the qiiantitiea of the ozygen 
and hjdrogen prodaced ûom the diflfeient wiièa be 
alwajs the same^ whaterer aubatancea are held in so* 
Intîon by the water connected with them, this nascent 
hydroo^eh will become a powerful and accurate instru- 
ment of analysis. 



ADDITION AL EXPERIMEJVTS ON GALVANIC ELECTIITCITY' 
IN A L£TT£B TO MR. NICHOLSON.t Oct. 1800. 

The eariier experimentors} on animal electrîcity noticed 
the power of well-bamed diarcoal to conduct the 

comnioti galvanic iniliience. 

T havc found that this substance possesses the same 
properties as metalliç bodies in p^oducing the shock and 

[*VWèNote,p.l46.] 

[t ¥rtm Nldioîfon's Jcmmù, toU iv. Cet. 1800.] 

I Tbe jnventor of the galTanle pÛB diseoYered fhe OQnducting power of 
ekaroMl. His eiperiments were oonflnned by Cme aad Sebiniick. 8ee 
P«ff ea Aniiiwl JSMddUtj, p« 48.' 



Digitized by 



OALVAiriO APPABATIT8 OP filOirOft VOLTA. 151 



spark,* when made a medhim of commiinication be- 
tween the ends of the galvanic pile of Signer Volta* 

I have likewise fonnd that perfectly well-made char- 
coal, when connected with water or aqucous solutions 
in the galvanic circuit, effects changes in theni analo- 
gouâ to thoee produced hy metala ; but connected with 
peculiar appeanmces. 

1. Two long and thin slips of dry charcoal were con- 
nected mth Àxer vires attached to the ends of a gal- 
vanic pile of 60 pièces. The pomts of the charcoal 
slips were immcrscd in a gia^s of water, at the distance 
of half an incli froni cach other; and the globules f>f air 
adheriûg to them being carefîilly remoyed, the commu- 
nication was made sure. 

In about a minute^ partkles of gas began to fonn and 
evolve themselres tonnd the point of the charcoal con- 
nected with the sîlrer side of the apparatus. Near a 
quarter of an liour elapscd bcfore any gas wa^i produced 
from the zinc side; the pras that was produced adliered 
to the charcoal in large globules, and did net pass 
thnragh the water. As long as the communication was 
kept np, the sUver charcoal gave ont gas very lapidlj. 

2. Reasoning from the conmion phaenomena of the 
action of red hot charcoal on water, and on the analo- 
gous galvanic facts, it was reasonable to conclude that 
the gas evolved from the charcoal on the silver side of 
the apparatus was hydro-carbonate, and that carbonic 
acid had been produced on the sine side, which had 
been chiefly absorbed by the water. 

To ascertatn if this conclusion was true, two small 
open tnbes, about one-fonrth of an inch in diameter, 
and three inches long, were provided. Into one end of 
each of them a thin pièce of hard and polished char- 

* The spark k mogt vitrid when thâ cbâicoal is hot. 
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coal was introduccd and fastened by cernent They 
were then fillcd with distilled water, and inverted in a 
glasë containing that âuid; the tops oi the pièces of 
charcoal being made to commiuiicate witb the encU of 
a pile. 

The proceflB was canied on for moxe thaa fourteen 

hotiTs; at ûke end of which time the quantîty of gas 
produced from the charcoal on the silver sîde was at 
least fifty times greater than that produced on the zinc 
side. The tube from the zinc side, with its water and 
gas» was introduced into a vessel of lime water. On 
agitation the water became clouded» but the gas was 
not perceptibly dîmînished: mingled wîfih twîce its 
bulk ut nitrous gas, it gave such an absorption as de- 
noted that it contained nearly the same quantîty of 
oxygen as common air. The gas produced iirom the 
sîlver side of the pile did not at ail dîminish with 
nitrous gas ; twelve measures of it;, mingled with eight 
measures of oxygen, in a detonadng tube, and acted on 
by the clectric spark, inflamed, and left a residuum 
equal to rather more than three measnres. Lime water 
introduced to thèse became a little clouded, and a slight 
absorption took place* Aâer this absorption, at least 
two measures and a quarter of gas remained» which, 
mingled with nitrous gas, gave red fumes and dûni- 
liulion. Jlence they evidently contained oxygen. 

3. Surprised at thèse i esults, from which it appeared 
that the gas irom the silvcr side of the apparatus held 
very little charcoal in solution, and required nearly the 
same quantity of oxygen to destroy it as the inflam- 
mable air from the metals, I repeated the experiment, 
making use of water that had been long boiled, and was 
yet warm. In thîs case no gas was givcn out from the 
zinc side during the whole of the process, and more 
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than half an hoar elapsed befoie any was prodnced from 
the silyer flîde. What was produced, however, gave 

nearly the sarae diminution, when fired with oxygen, 
as common inflammable air, and the residuum pro- 
duced but a siight precipitatc adiuittcd to lime water. 

It was easy to account for the defidençy of gas on 
the zinc aide in thÎB proceo^ by suppofling that the gas 
produoed m the fonner ezperiment vn» air prerionaly 
diflaolved by the distilled water, and tiberated In consé- 
quence of the stronger attraction of carbunic acid for 
that fliiid : but as I had bcfore found that in the eoni- 
mon galvaoic process with the metaLs, the hydrogen 
was îmmediately evolved even in boikd water, it was 
diffîcolt to conceiye why such a length of time was 
lequiied finr the production of the inflammable gas; 
When I întrodnced charcoal connected with the zinc 
side, and silver wire connected with the silver sidc, into 
boiled water, g:as was almost immediately givcn eut 
£roin the wire, though when I connected silver with the 
aine side, and charcoal with the silver side^ no gas was 
liberated ht many minutes. 

4. A slip of charcoal was connected with the cinc 
end, and a nlver wîre with the silver end, and both 
plunged into a vessel of lime water. Gas was iinnu di- 
ately ^iven out from the silver wire; a few lobules 
only formed round the charcoal : tbey were apparently 
covered with a white crust. As the process advanced, 
white douds fell ùom the charcoal, and difiused them- 
selves thiough the floid. 

5. Two pièces of charcoal were connected with the 
ends of the pile ;iiid plunged into a strong solution of 
caustic potash. During two hours no o^an was gîven 
out from eîther of the pièces, and no ciiauge of colour 
was perceived in the âuid, though the communication 

h5 
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was perfset. When a silyer wire was connected with 
tbo zinc, and charcoal with the silver, gas was produccd 
£rum the wire, but none trum the charcoal. \VheD 
cbarcoal was oonnected with the zinc^ and silver wire 
with the silver^ gas was yeiy nqpidlj produoed round 
the point oC the ^re; but not an atom fiwiiied lound 
the diarooaL 

6. When dipe of charcoal connected with the pile 

were introduced into solution of ammoniac, ga^ was 
gïven out from the zinc charcoal ; but none from the 
silver charcoaL When silver wire was connected with 
the silver side, the charcoal beîng Btill connected with 
the zinc aide» gpa was given ont &om both, bnt méat 
rapidlj fiK>m the wîre. Thèse gpBes wexe cani^t and 
ezamined. That from the charcoal gave no diminntion 
with nitrous gas. An accident prevented me irora 
examming it hy olher tests; the gas firom the silver 
equalled twenty times the volume of the other gas» and 
i^peared to be pure hjdrpgen. 

î shall at présent oiS&c no theoretical conjectures 
conceming thèse expérimenta. The two kst wiU pro- 
bably lead to interesting conèhisions. I am, at this 
moment, engaged in examining smaU quantities of solu- 
tion ol potaah and ainmoniac, which have been long 
galvanized in contact with charcoal: the resuit of tiiis 
examination, if at ail important, I shall take the liberty 
of cqmmnnicating to jou at some foture time. 

Iiemainy &c. 
(Signed) HmiFiiBi; Datt. 

Bowiy Square» Hotwelb» Sept S3> 1800. 
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NOTICE OF 80UB OBSBRYATIONS ON THS CAU8£8 OF 
THS OALYAKIC PBLfiNOMBNA» AND ON CERTAIN HODES 
OF INCBBASINO THE POWEBS OF THE QALYANIC PILE 
OFVOLTA.» NOT.1800. 

T&B natale of tfais commuiiioatioii is inoompatible 
with a detnl of the opiiiHms prevailîng amongst phîk>- 

sopliers, respecting thc causes of the gaU anic phaeno- 
mena: they have beeri gencrally supposed to dépend 
on the diÔbrent powers of bodies to conduct electric 
fluid. Fabroni was the fint vrho sjstcmatically at- 
tempted to prove tliat they were chemical efieot&t 

Immediately after I had perused in inteietting pbser-v 
yalion pf Lientenant-Colonel Haldanef on the non-^ 
excîtement of galvanism in the vacuum of an air punip, 
I began au iuvestigation witii thc view of arfcertaining 
precisely the influence of the atmosphère on the phœno- 
meoiu In oarryix^ on thk mTertigrtkm. I We met 
widi some new &ot8, ivhidi are capable of aiiangement» 
and wfaich vrïïL probablj lead to a complète ezplanation 
of the galvanie eflects. 

The piles tfaat I employed for aseeitaining the influ- 
ence of fictitious airs ou the gai van ic phœnomena, 
were erected horizontal Iv in the usual mode: but to 
pre?ent the plates trom separating when in au oblique 
position» their aides were joined togcther by résinons 
cernent at two or three points, suffîcient interstice beizig 
preserved to admit of a ûee circulatioii of the air. The 
gages, wh^ they weee produced, were received in small 

[* ¥taak NleholMB*» JcmmA, toI. tv. Nor. 180O.] 
t PjdL Joor. vol. ilL p. 900. 
t Idem, ^1. It. p. SIA. 
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tubes fîlledwith distilled water, containin^ wires covered 
interaally with ^^ ax, and conimuiiicating with the ends of 
the pile.* The piles were introduced into the airs 
through water> and elevated above the wster bj a 
metallic plate cemented to their lower eztremities, 

1. Zîne, ttkê^er eannected irafA nkfer m mxigU gahoùmc 

circles, or constitittin/f the plates of the galvanic pile, 
seemsto imdergo mrox g dation atcommou températures, ds 
long €u the water in contact voUk U is pure* 
By pure water, is more immediately meant "water 
hoiding in solation no oxjgen gas, bo nitrcnis gas, and 
no acida. It has long been known that certain metallic 
bodies/ wbieli oxydate slowly in water exposed to the 
atmosphère, effect no change in pure water.f This I 
have obscrved is particularly the ease with rcf^ard to 
^c. That zinc^ when in contact with silver in the 
atmoflphere» and formîng with it a dicnit by means of 
water, becomea ozydated much more n^dly than when 
simply in contact with water, wbb obeenred by Dr. Afih. % 
Supposing the more rapid oxydation to be the eflR»ct of 
a peculiHi electrical influence produced by the contact 
of the me tais, it would be reasonable to conclude, that 
zinc in single circles with silver and pure water^ or at 
least in the gahranic pile erected with cloths moistencd 
in pore water, would undergo oxydation. Fabroni,§ 
however, bas advanced that simple galyanic circles do 

t 

* Befbretlieseezpeijmeiittwereiiiade, Ihadfound, byiuiiiieioiiBtiiiIg, 

that a pile acted in the atmosphère immediately after immersion in 

water without being wiped , thrinf^h more feebly than before : I had 
IlkewiBo found that iitt( r tiu ûrst immersios, the powere were not 
diminislu (1. t)y subséquent ones. 

t See I alironi, Phil. Jour. vol. iîî. p. 309. 

X And liumboldt, — aee Researches, Chem. and Phil. p. 568. 

S Phil. Jour. yoI. IU. p. 800. 
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not oxydate in water, unless it be ezpoeed to tfae atmo- 
sphère. That the zinc of the galvanic pile does not 

oxydate in contact with pure water, will appear from the 
following observations. 

<u A small pile of silver and zinc, having its paste- 
boards moistened with water, that had been just boiled» 
was introdnced into a TeBsel of water that had been long 
boilmg, and waa yet wanonu Resinovui cernent waa poufed 
upon the sorfiice of the water, and fiurtened to the gh» 
as it cooled, to préserve it effectually from the contact 
of air.* ïhe apparatus after remaining for two days, 
was examined; the zinc plates wcre scarcely at ail 
tamished ; no oxjde was deposited in the water, and no 
gaa had been evoWed through it. A aimilar pile, 
exposed neaiiy the same time to water in contact 
with the atmosphère, had deposited much white oxyde, 
and given ont sorae gas, and the zinc plates weie 
whitened both intemally and externally.t 

h. No inliucQce can be commun icated from au eiastic 
atmosphère, enabling the zinc of the galvanic pile to 
décompose pore water; for piles were introdnced into 
hydrogen, nitrogen, nitroos oxyde, and hydro-carbonate, 
and suffered to remaîn in them for difierent lengths of 
time; but in none of thèse gases was the zinc more 
oxydated than if the pile had been immersed in pure 
water. 

«• A galvanic pile was suffered to remain in vacao 

* Oil of turpcntine, and even common oU, aa will be seea hereafter, is 
ineffectuai for tMs purpoee. 

t The température in thèse expérimenta vas from a4° to 61"^. Itis im- 
possible to free water of ail its dissolved air by boiling : it i& likewise 
impossible to pment a few globnlei of 9àt from panbag fhroo^ the 
eenent whOit tt la eoolfaig: the veiy dif^t tamJah of ataïc kept hi 
hoUed water may be owing to the mtnnte qnantitiea of coninum air 
ezlatiiig in the water from both tbeie eauci. 
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for fourt een h ours, the gage being about -j^, the zinc 
plates were slightly tamuhed, bat no white oxyde had 
formed upon them. 

2. The oxydaiion of the zinc phiei cf the Gahœm 
P&e taheê place u^WMûtr the toater m eoMtaet «M 
tihem hMs atmoepherie air, or ext^gm» cr niinms gas, or 

nitrous acid, or murùie acid, Sfc, in solution, 
a» The oxydation of the zinc of the pile in the atmo-. 
sphère, and the protrusion of carbonate o£soda,have bcen 
accurately described by Messis. Nicholson and Carlisle. 
I hâve found that the phienomena of oxydation take 
place moch moie npidly in pore oxjg^n than in the 
atmosphère. I have likewîee found that they take 
place more slowly in nitrous gas than in the at- 
mosphère. That zinc is oxjciated in solutions of ni- 
trous and marine acîds, is a well known fact 

3. ff àen t/te zinc in contact imth W€Uer, holding in sohh 
iion substances eoiUaimaff loose oa^f^en et aâdsj is «u^ 
datedf thèse substances are aUered^ or they esert some 
id^êmical affinUies. 

a. A small galvanic pîle, exposed to about twenty- 
one cubic inches of oxygen gas for six hours, effected a 
diminution of it which might have equailed onc-foiirth. 

b* A similar pile, exposed to an equal quantity of 
atmospherîc air for two days, diminished it one-aixth : 
llie residuum being sufPered to pass into Ûte atmosphère, 
gave a smeE vhich strongly resemUed that of ammo- 
niac ; and the pile held over marine acid produced 
dense whitc clouds. 

In another experiment, an equal quanti ty of air, ex- 
poaed to the pile for three days» gave but a very slight 
diminution with nitrous gas, and could not he inflamed 
-with atmospheric air. 

c. I have noticed, Rea. Ghem* et Phil., that wetted, 
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nnC) placed in contact with ni trous gas over mercury, 
slowly converts it into iiitrous oxide of ammonia. A 
small pile exposed to about twenty-two cubic inches, of 
mtzous gas for three days» diminished it one-foiirth, 
and some of the gas ma rendered abaorbable hj water. 

dL *Ilié famadon of nitroua gaa^ nitioua oxyde and 
ammoniac» ^riien verj weak solutions ofnitroiu aeîd are 
mad^ to oxjdate nnc, demonstrate butii the décomposi- 
tion of the acid and the water. 

e. The oxydation of zinc in solutions of marine and 
sulphuric acids in water^ appears to be orâig to the 
affini^ whkh haa been cailed prediapoaing. 

4. 71ie galvanic pile of Siynor Voîta seems incapable of 
acting when the vxiter between tlie pairs of plates is pure. 

The word/nire ia here nsed in the same sensé as in 1. 

«r. I haye found by nnmerous ezperiments, that the 

galvanic pile introduced into hydrogen, iliiough com- 
mon water, ceases to cvolve gas in the tube, and to act 
in about five or six minutes, i. e. in about the time 
lequized to c<Hisume the atmospheric air dissolved in 
the commpn water between its plates. The action of a 
pîlej aa known by ita power of evolying gases £rom 
water, is diminished immediately on its introduction 
into thèse gases. It ceases in them nearly in the same 
time, and cannot be restorcd by admitting fresh gases 
of the same kind, though, as will be seen in the ncxt 
section» it ia immediately restored by immersing the pile 
for a moment in water saturated with atmospheric air. 

h* I hâve found by numerous ezperiments, made 
with the assistance of my fiîend» BiDr. Ein^ that the 
galvanic pile ceases to act in vacuo when the gage is 
at about of an incii, even thoiigh the polcis are 
connected by wices with the atmosphère, aud the 
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water it is made to act upoa in contact with the atmo- 
sphère. 

5. The Pile acts when the water beiween douàU piates 
hoMê m Èobiiion aÈmoiphmc axt^ 0r ^x^^ea^ at mtrmts 
^fos, or nâroMf axadt or marine aad* 
This fact I have proved bj immerous expérimenta.»— 

a. A pile acted in atmospheric air, included in a glass 
cyiinder over water for two days, till nearly ail the 
oxjgen of the air was consumcd. — h» A pile decom- 
posed water much more rapidly in ozygen tfaan in 
oommon air, and lem rapidly in nitroos gas than in 
common air.— <f. That the influence of an elaatic oxy- 
genatcd atmosphère is not essential to Lhe galvanic 
effects, is évident from the fact of the constant restora- 
tion of the powers of a pile after they had ceaaed to 
appear in the hjdrogen, nitrogen^ &c., by momentary 
inmersion in water saturated with atmospheric air. 
In thèse expérimenta the piles were plunged into the 
water confining the gases, and again immediately ele- 
vated into the gas without beinor exposed to the 
atmosphère^ and the phaenomenon could be owing to 
no other cause than the imprégnation of the water 
with atmospheric air^ because when plies were planged 
into water satnrated wilih nitrous oxyde,* their powers 
were not restored. — d, I have proved by many expe- 
riiuents f thnt water, deprived of air, is capable of 
attracting it tirom the spirits of turpentine, when the 
last is in contact with the atmosphère. The galvanic 
pile acts in spirits of turpentine for a greater length of 
dme« and nearly as well as in the atmosphère» the water 
between its plates being constandy supplied with air 

* This gas cxpdb mueh oommon air from irater. See Bes. Chem. et 
Phil. R. ii. 3. 1. 
t Thcie expeiiments will be heieafter detailed* 
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fiom the q^iritfl. It acte bat for a short time in spiiits 
of mue, on aocount of the comfaination of this fluîd 
wîth its water.— «. After a |H]e has eeased to act in 

hydrogen, its powers were uniforoily restored by a 
monicntary immersion in very diluted marine acid. 
They were likewisc restored» and rendered more intense 
than in the atmosphère hj momentaiy inmienion of the 
pile in dilate nitroos nàd, thoogh the j eontinaed to be 
exerted for a short time only, L e.» till the acid was 
decomposed or saturated. 

6. The potrrr nf action of the pile of Volta (ipptara to 
be, in great measure, proportional to the power of the 
amdueiù^ Jbad tuàitance Mmmvh the double piates to 
ogeydaÊe ^zme» 

Tbis seems safficiently proved from the &ets in the 

following sections. The zinc oxydâtes less rapidly 
în nitrous gas than in atmos|)hcrîc air, and less 
rapidly in atmospheric air than in oxygen: and the 
power of action of the pile as known by its erolvlng 
gas &om water is greater in oxygen than in atmospheric 
air» and greater in atmospheric air than in nitrons gas. 
The power of the pile to décompose water, and to give 
the shock is wonderfully increased after ît has been 
dipped in marine acid, and still more increased after it 
has been dipped in weak nitrous acid ; and thèse bodies 
only enable the aine to oxydate itself more lapidly* A 
séries of plates» in which die oxydating conducting 
flnid was strong nitrous acid» acted, as will be seen here- 
after, infinitcly more powerfully than any othcr coiiibi- 
nation ; so that it would seeiii that the power of a pile 
is not much connected wlth the évolution of hydrogen 
fix>m water. 

7. Cinic/«MoiM«^(>f two phenomena, or of two séries 
of phénomène, we can only affina that the one la th^ 
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oBose of tbe otlier when it uniformly précèdes it, and 

when their modifications are connected. But it appears 
ÏTom ail the forogoing facts, that thc galvanic pile of 
V olta acts onlj when the conducting substance between 
the plates ia capable of oxydating the sine ; and that in 
proportion as a greater quanlity of ozygen enters into 
oombinaticin with the sine, in a gi^en time^ so in pro- 
portion is the power of the pile to décompose water^ 
and to gi\'e the shock greater. It seems, therefore, 
reasonablc to conchule, tbough with our présent quan- 
titj of facts we arc uiiablc to explain thc exact mode of 
opération, that the oxydation of thc zinc in the pile, 
and the chemical changes connected with it aie somekow 
the cause of the electrical effiects it prodnces. 

S. €fa new mode of etmttructing a PUe. 

Assmning the tmtfaof thiscondnsîon, it^iniseasy tocon- 
ceive, that a pile mucli more powerfnl than any liithertO 
const ructed mightbe made, particularly supposing that the 
décomposition of water was not essential to the process. 
Plates of zinc and sîlver, 1*2 inches square, were fiastened 
in psiis by lesinons cernent: eighteen of thèse pairs 
were connected to eacfa other by cernent» and so indosed 
by it as to leave water-tight partitions open at one side 
only between each piûr of plates. When muriatic acid 
was poured between the partitions of this machine, the 
plates being perpendicular, it acted very powerfiill j ; its 
capability of decomposing water and giving the shock, 
being at least equal to that of a common pile of seventy 
plates. Dilttted nitrons acid made it act still more 
powerfully. When the partitions were filled with water» 
its action was barely perceptible. Concentrated nitrous 
acid was poured into them. In this case the first shock 
was 80 powerful as to benumb my fingers for some 
seconds, and I did not dare to take another. I waa 
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ahnost immediately oUiged to thiow the pUe into water 
to pfeveiititfi»m being destrojed, ao tliat Ûkm was no 
tîme tô aœertam ils power of deoomponnginiler. 

Iii a ^second experimcnt, with isLrong nitrous acid, I 
iised oaly five pairs of plates, when the sliock \vas fuU 
as powerûil aa ironi the common pile of thirty plates. 

Thxet pairs of plates, ynth nilioiis add, gaye a veiy 
sensible ahock» 

I liave proeored (on aooount of the loss of die silver 
where this substance is part of the pile with nitrous 
acid) a numberof plates of copper, iron, aiid zinc. They 
have not yet been disposed in the apparatus; but I 
expect by noeaiis of nitrous acid» to produce eâects £rom 
tfa^ eqiial to those of the strongeat eleetncal battery. 



EXTRA ( T OF A LETTER TO MR. NICH0L80N, DATED Oct. 
33, 1800, SUPPLBM£lîTABY TO THS Plt£C£DING FAP£K 
ON GALVANISM.* 

When I exhibitcd to Dr. Beddaes the phaenomcnon ot" 
the rénovation of the powers of the galvanic pile, after 
it had ceased to act in hydrogen, nitrogen^ &c. by mo- 
mentary immenion in water, holding in solution atmo* 
spheric air, he vequested me to tcy whether ox^genated 
muriatic acid gas, solution of nitre, Bbc would not 
jnciease the efFects. The fear of destroying the silver 
prevented- me al the lime from trving the experiment 
on oxygenated muriatic acid gas. 1 have since, how- 
eTer> in endeavouring to aseertain whether the elec* 
tricid phsenomena of galvanism weie produdble when 
the plates of the pile were ozydating, (sepaiated from 

* [From Kicholson's Journal^ vol. iv.} 
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each other by a non-oonductor, and in contact with an 
aerifonn fluid onlj) had an opportnnity of obsemng 

the verv ^rcat power of this ôubstance in producing the 
galvanic (iccomposilion of water. 

Ten pairs of plates of silvtr and zinc were connected 
by cernent, so as to prevent tlie alternate contact of tbe 
métal. Tbe spacea filled by doths in tha common 
pile were suffered to vemain open, so as to admit of 
a free dxculatîon of air. A tabe, with water, and sîlver 
wireswas adaptcd to the extrême plates. 

This pile was introdaced, without beiiig moistened, 
into a vessel, provided with a stopper, filled with oxy- 
genated marine acid gas ; but no perceptible galvanic 
action took place. Afier two hourSy no gas had formed 
in ihe tnbe^ nor had any oxydation of the sine wire 
been piodnced.* The same pile was now moistened by 
immersion in water. Before and after it had been 
wiped, it showed no signs of action in the atmosphère. 
It was introduced into a vessel of oxygenated marine 
acid gasy opened as before in the atmosphère. In a 
moment^ the zinc wire in the tube began to oxydate 
with the gveatest lapidity» whiist gas was ^ven plen- 
tifiilly from the silyer wiie. The piocess c<mtinued 
to go on till the green colonr had disappeared in the 
cjlinder. 

This experiment not only arrant^es with the facts of 
Fabroni and Colonel Haidane» and those I have before 
stated, but likewise seems to prove that the chief use of 
the large suiûce of water leqnired in the pile of Volta 
b to oxydate a laiger qnantity of zinc : for in this in- 
stance very minute quandties of water connected the 
plates, and con^ec^ueuLly very minute t^oantities w^ere 

** Tlie metalB of the pile had been teted «pon fn tiiii experimoiti and 
wcvQ mna at ibe condniioa of it, 
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sufficient to enable the eleetrieal cumnts to tom the 
drcttit * 

I am at présent engaged in cndeavouring to ascer- 
tain by experiments whether any différences exist in 
gases evolved from water by the galvanic ciiirent, when 
différent oxydatmg substances form the médium of com- 
munication between the plates, When thèse experi- 
ments are completed, or at some taime ûme, I shall 
piobablj oflêr some obsenrations on the peculiar a£Bni- 
tîes whîch enable îron, zinc, &c. to décompose water 
only when it holds în solution atmos])horic air, acids, 
or other bodies containing oxygen. On the principies 
before laid down^ nothing is more easy than to explain 
the use of muxiate of soda, muriate of ammoniac^ &c« in 
mcieasing the powers of the oommon pie. 

As the quantity of power in a pile is probably in pro- 
portion to the quandty of oxydation of the zinc, and the 
number of the séries of plates, the pile of Mr. Cruick- 
shank, or that I have described, will, probably, bc most 
useûil for processes, in which luuch galvanic power is 
reqnired. In thèse processes, muriatic acid, or very 
dilate nitrous acid» may be used as the ozydating sub- 
stanoe : for tfaey will enable the plates to act tUl ail the 
oxydable métal is destroyed, without the oommon 
trouble of cleaning and rebuilding the pile. 
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ACCOUiNT OF SOME ADDITIONAL EXPERIMBITTO AWD 
OBSERVATIONS ON THE GALVANIC PHiENOMENA.» 

I. AdDITIONAL EXPERIMENT8 ON THE CAUSEb Oi; THE 

GaLVANIC Fa£2fOME2iA. 

. 1. Sulphuric MÎd» when highly coDoentrated, h pos- 

sessed of but little power of action upon sine, though 
when diluted it dissolves it with the greatest rapidity. 
Assuming then the truth of the principles advanced in 
my last paper^ namely, that the powera of the pile of 
Volta are primazily excited faj the cuyâaûioia of the 
zinc^ it foUows» ÛèbA diluted sulphuric add, when made 
the médium connexion hetween the pain of plates» 
oufîht tu prodiice much greater effects than coucentrated 
Quipiiuric acid. 

This I have foimd is actually the case. When the 
celk of a séries of twenty paixa of silTer and zinc, con- 
structed with waxen eement, in the mode described in 
9 of my last paper, weie filled with sulphuric acid, 
nearly of spécifie giavity l'O, nogalyanic action, c xcept 
the production of a slight caustic taste, was perceptible 
by the usual methods of trial ; though when diiute sul- 
phuric acid was used, the ends of the séries gave shocks 
to the moistened fingen» and wires connected with 
them effected the usual changes in water. 

That concentrated sulphuric acid is not of that order 
of more perfect galvauic conductors which, when inter- 
pose d bct ween the plates, destroy their electrical effects, 
is évident, irom the following experiment: the cells of 

♦ [From NichoUon's Journal, vol. it. December, 1800.] 
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ten pairs of piates of copper and mc$ coiutructed with 
wazen cernent, werc fiUed with concentrated sulphoric 
acid» bat nat the slightest galvanic power was produced 
A small drop of waler was then ponred upon the add 

iii eâch ot llie cells. The action oi' the séries was im- 
mediately shown by its producing the usual appear- 
ances on wires in water. 

2^ The galvafiîc conducting powers of liquid sul- 
fhurets are at kaat equal to those of water. I foiind 
thaï whep the fiogm were plonged into glasaea, oon- 
taining solution of anli^uiet of atrontian eonnected with 
the ends of a pile, the shock was full as sensible as if the 
communication liad been inade throu^h watcr. When 
the galvanic currcnt was made to act ou solution of 
aulphuret of strontian by meana of ailTcr wires, the zine 
wire beeaine blackened» and gas waa given eut round 
die atlver win. But aohitioDa of sulphuiets are in- 
capable of giving oxygen to sine; they conaequently 
ought to produce no galvanic effects when made the 
média of connexion of the doiible jilates iu the pile of 
Volta. Twenty-five pairs of silver and zinc, erected 
with cioths moistened in solution of sulphuret of stron- 
tiaot produced no sensible galvanic action» thongh the 
moment the aides of the pile were moistened with a 
Uttle nitrous acid, the ends gare shocka as powerlîil as 
those of a similar common ptle. 

. 3. No phaenomenon is more constant than the cessa- 
tion of the action of the common galvanic pile in a 
vacuum'*' when the gage is below one>fourth. 8up- 
pomng the expulsion of atmospheric air fiom the water 
fTOventing it ûom oxjdating the imc, the sole cause of 
dûs cessation^ it â>Uow8, that a ][ttle ought to aet m 

* See Colonel HalfUue» Pitil. Jour. No. 43, toU It. ; and my last 
paper. 
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vacuo when nitrous acîd, or diluted solphiuic acid iB the 

médium of connexion bctwccii the plates. Into each of 
the cells of a séries of twclve pairs of silver and zinc 
plates, which liad just becn moisiened with a littlc 
water^ a lai^ drop of nitrîc acid was introduced : whea 
the wiies coimected mlh the ends immediatclj began 
to produce the uaual appeaiances in water. The séries 
was introduced under the receiyer of ^ air pump^ and 
the ffilver vire firom its nnc end connected with a 
vessel of water that had been long boiled. The wire 
from its silver end was so fastened by résinons cernent, 
to a sliding brass wire passing through the top of the 
receiver» that it could be phinged at pleasure into the 
water when the Yacuum was roade. The receiver was 
ezhaosted till the gage stood at -^^ of an inch» when 
the communication was afifected. The zinc wire im- 
mediately began to oxydate, and gas was given eut 
round the silver wire. The process went on for many 
minutes, and when it had ceased, was not sensiblj 
revived by the admission of the atmosphère. In another 
expérimenta tJie same phsenomena were ohsenred* 
Gas appeared to be ^ven ont more rapidlj ftom the 
silver wiie than in the atmosphère ; but this was from 
the diminution of pressure. The oxydation was cer- 
tainly less, which may be easily accounted for, when we 
consider, that no nitrous acid could be recomposed in 
vacuo as in the atmosphère from the nitrous gas dis- 
engaged between the plate% and that, in conséquence of 
the diminished pressure, some of the add must pro*' 
hablj have assnmed the aeriform state. 

A drop of snlphurie acid, poured into each of the 
moistened cells of twelve pairs uf plates, enabled the 
wîres firom the ends to efFect the usual changes in pure 
water for rather more tban half an hour in vacuoj the 
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gage being at The oxydation went ou neariy as vividly 
as in the atmosphère» and what is rather remarkable, 
same gaB waa given mit from the oxydating wire, thoagh 
▼eiy little was prodooed firom the dher wke. 

4. The résulta of the last experiment are interesting 
not only from thcîr coïncidence with other facts, but 
likcwise bccaiisc thcy afford proofs that the présence of 
oxygen in that looseiy comhined or peculiar state, in 
which, when abaorbed hy combustible bodies, it pro- 
duces inflammation, and in which, in my in&nt chemi- 
cal speeidations, I supposed it to be comhined with the 
matter of light, is not essential to the galvanic effects. 
Whether water is absolutelv essential, we shall iiiui 
some difficulty in detenninbg, as it exista in larger or 
smalier quantities in ail the non-metallic ûuid galvanic 
condoctoiB that hâve yet been experimented upon. 
The followîng &ct is in fityour of its essentialiQr* The 
compound of ooncentrated sulphuiîc and oxygenated 
muriatic acid,* (which may bc formed by introducing 
oxygenated muriatc of potash into sulphiiric acid, or by 
passing oxygenated muriatic acid gas through it,) slowly 
oxydâtes both zinc and silver, the oxygenated marine 
acid being decomposed. I expected that it vrould pio- 
duce strong galvanic effscts, vrhen made the commu* 
nicating médium of the cells of a pile ; but in this I was 
disappointed ; a séries of twenty pairs connected by it 
produced hardly any sensible action. 

5. If any person wishes to repeat the experimeuts in 
vacuo just detailed, great caution must be observed 
with regard to die quantities of acid introduced into 
the celk. Two or thiee drops in each will be suf«> 

* I atidâenUUy diwovered fhis eombînation in July, 1799. Some of 
i t9 propcrties arc rery peculiar. More interestùig inqnirict bave bitherto 
prevented me from minutely examining fhem. 
YOL.n. X 
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iicient^ particularly if it bas been previously a little 
moistened. When lai^ portions are emplojred^ the 
efFerrescence highlj increased hy the removal of the 
atmospheric pressure will be often sufficient to moisten 

the edges of the cells, and to make a communication 
between them. Iii conséquence of the use of toc much 
acid, I have made raany uusuccesatui experinients. 

The water used in vacuo for Connecting the wires 
should be alwajs previously deprived of loose air bj 
long ebullition, or otherwise the disengagements of tbat 
substance ùom it much distorb the results. 

IL ObSEBYATIONS OAINED FROM minute INSFECnOM 

OF GALYANIG FROCE86ES. 

1. Whenever the galvauic circuit, passing through 
the pile with wires^ is broken bj means of water, oxygen 
is unifbrmly produced at the ^zinc metallic point, and 
hjdrogen at the silver metallic point. This is shown 
from many expérimenta in Mr. Nicholson's Philoeo- 
phical Journal Considering analogies, an interesting 
question occurs. Do not the same phamoniena take 
place in every part of the séries ? i, e. is not oxygen 
fixed in every phite of zinc, and hydrogen produced on 
eveiy plate of silver, at the points of their contact 
with the water of the cioths? With the hope of gain- 
ing a solution of this question, I constructed a séries of 
twenty glasses with spring water, containing plates of 
silver and zinc, connected by brass wire, in the mode 
pointcd out by Vol ta. ïhis séries gave feeble sbocks^ 
and a silver wire connected with it produced the usual 
appeaiances in water. Oxygen was fixed upon thftt 
part of the wire in the glass containing the last silver 
plate, and hydrogen was liberated from that part of it 
in the glass containing the last zinc plate. 
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The séries was made analogous in ail its parts» the end 
glasses being connected by a pair of [)lates, so that 
every ^lass contained a silver plate and a zinc plate. 
On miuiittly inspccting the gla>MS iinmediatt'ly after, 
no particular phœnomena could be perceived. But 
after occasîonal attention to the process for manj hoursy 
I observed the zinc plates beginning to oxydate in many 
of their points» though no gas was produced upon 
them. No gas had formcd upon the silver plates, but 
the surtace of the watcr in contact \vith them became 
covered with an o]i:i< iue white pcUicie. 

2. The silver plates npcd in this experiment were 
not perfêctlj polished. This mîght bave influenced the 
resultSy and some gas might have escaped my obsenra* 
tion. That the opération might go on in closed vessels, 
T eut off the bolLums of some bottles v\ ith a file, so that 
they could be easily joined a|rain by cernent, Into onc 
of thèse bottles I introduced a ] tinte of polishcd zinc,* 
and into another a plate of polished silver. The plates 
were connected by a wire attached to their upper 
angles, which protruded into the atmosphère through 
orifices made at the places of junction of the bottoms of 
the pbials with their sides ; thèse places of junction 
being rendered perfectly water-tight by resinou? cenient. 
Four apparatuses of this kind were constracted. They 
were filled with pump-water, inverted in the galyanîc 
order in glasses containing that fluid, and made part of 
a connected séries of twenty glasses. 

After more than twelve hours^ the zinc plates had 
become tamished, but had given ont no gas* In two of 
the botdes with the silver plates, globules of gas» too 
small to be analyzed, had ooUected. - Thèse plates 
examined in the atmosphère, as well as ail the other 

Of l'â inchefl square, ih» sizc iised in ail the former experimeats. 

l2 
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covered in some points with a film of 
white substance, which was sohible with slig^t efEeryes- 
cence, and mtlioiil produdng doudineflB in mnxiadc 

acid. 

3. Lnablc to account for the non-appearance of hydro- 
gen during the oxydation of the zinc» I could not but 
candude that it was condensed or abmbed in some 
new componnd on the sorfiioe of the sîlTer or the zinc 
Guessing that the qnantity of surfiice might be con- 
nected with the phaenomenon of its iioii-appcarance, I 
substituted in three of the phîals for the square silver 
plates oblong ones of the same length» and about '3 
inches wide. Thèse had not been long connected 
with the senes befbre gas began to form upon them ; 
and in four hours sufiicient was collected to be exa- 
mined : fi oin the coarse test of inflammation, it appeared 
to be hydrc^en. 

Thirteen pairs of a connected séries of twentj-five 
glasses were now compoaed of square sine plates, and 
oblong silver plates of différent Bises f some of dbem 
being about % and others not more than *1 inch wide. 
Gas wa^ almost immediately given out from the greater 
nuniljer of ihc oblong plates, and in largest quantity 
irom the smallest; from the slips of '1 wide> indeed, 
a constant stream of globules ascended through the 
water. 

Small ovaly circular, and square plates, of nearly equal 
surfaces, with the slips connected in the séries in the 
places of some of them, produced precisely the same 
efiects. In short, whenever the surfaces of the silver 
plates did not ezceed one-fourth of the quantity of the 
sui&ces of Ûte zinc plates, whatever were their forms, 
gas was always produced upon them ; and both large 
and small suiiaces in coiumou water in a great length 
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of tîme bcctme eovend at tome of tfaeir pointi of con- 
tact inûk thaï fluid with a whitish fihiL 
When small oblong xinc plates were introdueed into 

any parts of the scrics instead of thc larger plates, tlu'y 
appeared to oxjdate rapldly, without f^iving ofî' any gas. 

4« The substitution of obiong silver slips for manj of 
the plates did not appoiently much dimininh the power of 
tlie aenee; X tfaeieîbie constmcted a aeries cf twenty* 
Menn f^aaiee» wboUy composed of âne plates attached 
to thdr silver wiies. TÏiis eombinadon with pmnp- 
water gave feeble shocks, which were less vivid than 
those of the common séries of eighteen. When, how- 
ever, it was made analogous in ail its parts» ail the wires 
Bot deeplj inserted in the water gave ont ga% and the 
suc plates dowly oxydated. In another expérimenta 
in which a séries <^ thirty glasses» containing wires and 
zinc plates, were nsed, most of the wires not only gave out 
gas, but after some time became covered at their points 
of contact -with thc surface of the water with a wliite 
ûhn 't a iew of them, not deepljr inserted* produced a 
dight wfaite pfedptatioiL 

6* Hiese 6cts seemed to show tfaat ihe qnantitj of 
hydrogen prodnced in a séries, was, in some measore, 
and to a certain point, in the inverse ratio of the quantity 
of surface of the silver plates. Speculating upon them, 
and comparing them with the cxperiments of Mr. 
CmkkHhank, and those which I noticed in xny last paper 
on the signa of anunoniac perceived during the action 
of a pile in common m, I could not bnt conjecture that 
whilst oxygen was condensed on ail the sine excitors in 
the séries, hydrogen was produced on ail the silver 
ones ; and in small surfaces chiefly liberated, whilst on 
larger ones ît was almost wholly condensed by the 
nitrogen of atmospheric air dissolved in the water, and 
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this conjecture was rendered more probable» when I 
considered the wbite matter chieflj formed round the 
silver at the surfiice of the water, and its solubility^ 
without doudinesB in acide» aa it might easilj hâve been 

produced by the décomposition of Magnesian salts exist- 
ing in the pump-watcr. 

To détermine whether ammoniac was produced, 1 
made manj expérimenta on the différent séries, consist- 
ing of from aerenteen to thirty glaaaes. . In some .of 
theae glasaes wires were naed» and in some of them 
plates. Sometimes dislilleâ waterwas employed, and 
sometimes ])ump-\vatcr, both of which were occasionaiiy 
tinged witb red cal>b;tL:c jaice. 

Without bcing miuute in the détail of thèse experi- 
ments, I shall give their gênerai results. In the vessels 
containing the red-cabbage-jnicey that fluid» aÛer manj 
bours, became tinged with green where it was in contact 
with the silver, though at its point of contact with the 
zinc no change of colour oould be observcd in it. In 
the pump-watcr a v.hitc film always formed on the 
Buriace of the water near its point of contact with the 
. silver : whilst in distilled water. such an appeanmce was 
hardlj perceptible. The anomalj of its being.now and 
. then perceptible I am inclined to refer to accidentai 
imputîties in the vessels. The silver slips in pnmp- 
water almost always became incrusted with a white 
matter, which was never notable in distilled water, 
and which was soluble, without cioudiness» in nitrous 
acîd« 

In one ezperimenti when a silver slip» forming part of 
a powerfiil séries, was introduced into a small TesaeU 
containing solution of murîate of magnesia* (connected 

• Mariate of magncsia was usckÎ in prcforcncc to nîtrats or sulphate, 
becanse there waB a poMibility of the décomposition of the açids in 
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vrith the nezt zinc gjass by mcans of muscular fibre, to 
prevent the mtexference of the ozjdatiDg métal with 
the reBults)^ in the coutse of .a night much gas was 
given out -fiom it, and it became incrosted ^th a white 
matter, which di^solved with slight cffbncsceiice in 
marine acid. A précipitation had taken place in the 
ûuid. 

. . Thèse results afford strong probabîlities in favour of 
thé production of ammoniac on ail the silver excitors of 
the séries fbrmed with common water: and compared 
with the facts before-mentioned, they amount almost to 

demonstraliuiiH. Whetbcr the nitrogen of atmospheric 
air dissolved in water is the agent w hich forins with the 
hjdrogen ammoniac, future experiments made in vacuo 
moBt detennine.* 

: .6* The power of the séries with silver wires» was 
mnch less than that of the séries with plates. Suppoth 
ing the formation of ammoniac, it was probable, that 
the larger quantity produced iipon the phites, uiight be 
in some measure the cause of their greater powcrs ; and 
if so, it was likely that the condensation of nascent 
hydrogen upon the wires would be connected with 
increaae of power* From the following facts it appears 
that this is the case. A séries of thirteen plates of zinc^ 

tiieie BàltB by fhe nafcent hydrogen, which alone would oeeaiion a pKd- 

pitation of the earth. 

♦ Mr. C^ickshank, who first noticed the probable fonnation of 
ammoniac on the silver wire of tho piîo, lias ofFere<l some ingonious 
arguments to prove that nitrous acid is fonned at the zinc wire. 
Analo^^y would induce us to conjecture, that if it was fonned on one of 
Hic oxydating surfaces, it ought to be fonned on ail. That no change of 
coIovrtÉkét place in cabbage-juice, in contact with the oxydating zinc 
plates, may be owtaig to the great ezteiudoik of llieir iurfacee* It is 
wort]i .observk^,tiiat the ailTer oxydâtes ae laj^dly in water In Tacoo as 
lu the atmo^here, when the pile is in Hie atmoephere; or when nitrous 
orsttlphiiiieaeifl'isiiiedoiithecéUsInTacno. - . 
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with their tilm wires c om U r u eted in glttWj contdiiing 
weak Bolotioiui of red solf^iate iron, mingled miûi tt 
Itttle solution of common sulphate of iron and nitrous 

gas, «icted ftill as powerfully as the common séries of 
twenty plates. The wires p^ave out no hydrogcn, but 
occasioned a browii precipitAtion in the ûxûd, and the 
fine plates soon became oovered with green oxyde of 
inm. The phflenomeiioii iras the flame with the other 
metallic solutioiia» capable at Ihe some time of abaoïbing 
hydrogen and oxydadng zinc 

7. The strongest analogies would inducc us to 
believe, that ail the galvanic séries composed of casily 
oxydable metals and difficultly oxydable metals must 
Mow the same laws in produciog changes in their Con- 
necting fluid as zinc and sllver. But as from the inteF* 
esting ftcta of Colonel Haldane, it appeared that iion 
and âne as a oombination weie ponewed of y&j con* 
nderable powers, and as iron ia bnt little w&ikft to 
zinc in ita affînity for oxygen, it became a curious ques- 
tion what would be the habitudes of those metals in 
effecting changes in the water constituting them a 
séries. Sixteen aânc plates^ and sixteen pièces of thin 
polidied iron mte, were connected in g^Tanic oïder. 
Qœ-half of ihe séries of glasses being fiQed inSk solu- 
tion of red snlphate of iron, and the other half with 
pump-water, the end glasb€s gave faint shocks when the 
tongue was introduced into one, and the fingers into 
the other. When thev were connected so as to make 
the séries analogous in ail its parts, ail the iron wires in 
the common water gave out gas without oi^datin^ and 
thèse in the aolution exhibited the same ai^arances aa 
ûié silyer wires in IL 6. 

8. A séries of glasses composed of *l^ïflte plates and 
silver wires in galvanic order with pump-water, was 
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suffered to remain for some bours without being con- 
nected at the extremity so as to complète the circuit. 
Al Ihe end of this time some globules of gas appeared 
ou flom of the zinc plates» which werea Uttle tamished; 
no gas wss pvodiiced on the silver wires, and they ha4 
nndeii^e no apparent change. 

Having set up a powcrl'ul Hcries of 27 glasscs, rsomc 
with red sulpiiale of iroo, and some \sit!i water), in 
which zinc and silver wirc wcrc the excitors, I found 
that whenever I supplicd the place of a |>air of plates» 
either by a sin^e metallic wire, or a chain composée! of 

^ dîffetrent metals» whatever were thehr habitudes of 
oxydation^ hydrogen was always produced at the pkce 
' of the ffilrer, and oxygen aiways fixed or extrieated at 
the p^ace aï iho zinc. When iiiaiiy .^ilver wircs wcre 
iiitroduced iiito tlu- stMÎcs in m'w grlaR«es«, so a^^ to pré- 
serve the origituai number ot exciting plates, the powcr» 
oC il seemed to be very littie diminished, and gas was 
ghraB OB^ and oxygen fixed m every new glass. When 
Ae joints of contact of some of the pUtes and wires 
Ûke water were covered with cément» the phasno- 
ntfeua weie the same as if they had heen exposed to the 
atmu&pliere. Wlieu oiie pair of a séries was in vacuo, 
the gage bcint^ Bt -j^^, the powers of the whole were 
liot sensibiy diniiiiished. 

9. On thèse fiicts I shall aot présume to speculate* 
There is eyeiy reason to beUeve that a number of new 
eiqperiments must be madé, before we shall be able to 

^3 dîscover the km in conséquence of which one quantity 
of chemical action générâtes in the galyanic séries of 

i Volta, an influence capable of increasinsr ail analogous 

actions, and of prcnerating new similar acticiis. Many 
new obscn utiuiis must be collected, probably before we 
shall be able to ascertain whether water is decomposed 

i5 
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in galwiic proceflaes. Sapiponog its decompositioii» "we 
rnust aflsnmei that at lesst one of its éléments is capable 

of rapklly passing in an invisible fbrm through metalHc 

substances, or through water and many connected 
or^anic bodics; and such an assumption is incommensur- 
able with ail known facts. But a short period has elapsed 
dinoe philosophera beheld with wondcr, solid and âuid 
sabstanees assoming ne w modes of existence in différent 
gases. Do not the new phaenomena qf galvanism 
authorise us to hope, that at no very distant time they 
will hchold evn\ thosc gascs undt-rouing novel changeSi 
aud exiâtiog in new and now unkuowu tbrms ? 

m. E£MAEKS ON THE PuWERS OF DIFFERENT GALVANIC 

COMBINATIOMS. 

!• I have fonnd many expérimenta, that when 
moriatic acid is introduced (in quanttties sufficlent to 
prodnce visible changes) into water contained in the 

glasses of an effective galvanic séries composed of zinc 
piates, and silver wires, the zinc plates are acted upon^ 
and gas is giyeu out from every part of thcir surfaces^ 
whilst the quanti ties of gas prodaced on the silver wirea 
are increased only in the apparent ratio of the increased 
power of the séries to give the shock. When muriatic 
acid is introduced into a certain number only of the 
glasses of a séries, similar changes are produced in thèse 
glasses ; but there is no apparent altération in the nature 
of the phœnomena taking place in the other glasses; 
thèse phenomena are only rendered more vivid, Ëfifects 
analogous in appearance take place when the solphuric 
acid, and even when the nitric acid îs employed. 
So that it appcars that the power of a séries to fix 
oxygen upon its zinc plates, and to evolve hydrogen 
|rom its silver plates» is limited, and cannot be increased 
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by oxydating bodies beyond a certain extcnt. \Vc mubt 
coiiscquently conclude, tbat only a certain cjuantitv of 
galvaiùc influence can be madc to circulate through 
« séries in a given time, and that the increasc of ozydiir- 
tîon beyond a certain time is connected with no new 
laoreâse of power* 

2. The substances ^vltich are capable of rapidly 
oxydating tbe imperfect metals and of condensing 
nascent hydrogcn at thc sanie time, are those whicb 
pioduce tbe most powerful efiects, when made the 
médium of connection between the metals in the 
galvanic séries. The nitric and oxygenated marine 
acîds appear to be tbe most powerful of the known floid 
excitors uf thc pile. The solutions of metallic salis, 
composed of acids and oxyds at thcir maximum of 
oxydation, stand next in order; then follow the muriatic 
and sulpburic acîds, and the neutrai salts containing 
thèse acids» or nitric acid 

I bave lately endeavonred to make some comparisons 
between the powers of piles oonstructed with nitric acid, 
and those uf conuiion piles; but ^dthout mnch success. 
The rapid action of the acid, the évolution of gases 
Connecting the plates by moisture, and thc production 
of heal^ aU tend to disturb the results. Tbe smallest 
séries of plates fiom which I was able to obtaîn shocks 
by nitric acid, was composed of three pairs. Six pairs, 
with modcrately strong nitric acid, gave a shock more 
acute than that produced ])y a common pile ot twenty- 
seven pairs, but apparently much more limited in extent: 
it was feit no further than the upper joints of the fingers. 
With twelve pairs» or stîllmore numerona combinations» 
the shock was always more acute and painfu], than fiom 
a common pile composed of four or five times the num* 
ber of plates ; but apparently more local, aad felt over a 
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•inito mfiioe. Ab fiinoa of the oaneiit alwa^ toek 
plfioewlieii ùm trovgh wts Qfed in thèse esq^erimenti^ 
elotlis wetted with the add were genenlly employed ; 
but in no case was it possible to preyent the edges of 
the plates fi*om being moistened, so lhat a certain degree 
of communication between the ends always existed, and 
ôtmi this communication the etfects must have been 
much dîminiahed. A pile with nitrie acid had its power 
Teiy little lessened by momentaiy hnmeraion in wateiv 
Henoe the increaae of e^éet cannot much dépend ^ 
the încreased température of the plates. 

3. Copper aud zinc act very powcrfully with nitrie 
acid. Iron and zinc seem to act nearly as intense^y 
with muriatic acid as with nitrie acid. 

The galvanic oombinaticms that I have been lateiy 
most in the habit of unng, are séries of glasses con- 
stnusted with zinc plates^ silver or ixon wire^ and sbla- 
tions of red siilphate or mmnate of iron. Thèse comibir 
nations act for a long time intensely ; six or eight glasses 
being capable of slowly decomposing water; and if 
tbeir action is nt any time diminished from the déposi- 
tion of oxyd of iron on the zinc plates, it may be 
easily restored by the addition of a litde add to the 
sohition. 

4. I notioed in a fonner paper the oondocttng povire» 
of diarooaly when made part of the galvanic drde> 

I lateiy set up a séries of eight glasses, with small pièces 

of wellburnt cliarcoal, zinc, and soladon of red SLilphate 
of iron; the charcoal and zinc being connected by si 1 ver 
wire. This séries gave sensible shocksy and rt^idly 
evolved gases from water | whilst an eqnal séries with 

* Dr. Wells, in an excellent paper on galvanism, in the Philosophical 
Transactions has mentioned the greBt powers of an arc composed of 
charcoal and zinc in excitiug the limbs of frogg. 
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silver and zinc produced much wcaker cficcts. Hence 
it wouid appear that charcoal and zinc are equal^ if not 
supehor, to anj metallic combiuations. 



LBTTER to MR. NICH0L80K, GONTAIKINO NOTICBB COK- 

CBSNING GALYANISH.* 

SiK, 

In pursuing my inquiiies ooncernioig the production 
of galyftiiic îiifliieiice during m*^^»*^ ozydadon^ I have 
found ihat manj of the dJfficullly oxydable metals may 
be made to act as Voltiule combinatioiis, by being con* 

nected in pairs in the common ordcr with iiuids capable 
of oxydatinor one of the altematc nietals. 

Teu silver plates attached to thin gold wires, and 
amnged in glasses containing diluted nitric acid* pro- 
duced when their agency waa applîed in the nsnal mode» 
a atroDg caostic sensation on the tongue^ and effected, 
though feebly, the usual changes in water. 

Tweiity pièces of cop])cr iu contact with silver wires, 
when connected with weak solutions of nitrate of 
mexcuiy act powerfuUy, and that for a great length of 
time» till ahnost ail the mercuty was piecipitated on 
the copper. The influence produced sensible shocks. 
When it was pasaed through water by means of gold 
wires, oxygen was given eut at the place of the copper, 
and hydrogen at the place of the silver. Whereas in the 
combination -with silver and gold» the oxygen was pro- 
duced at the place of the silver, and the hydrogen at 
that of the gokL 

The agency of galvanism upon inoiganic bodies 
appears to be similar under ail the différent modes of 
[* From Kicholaon'e Journal^ toL iv. Febroary, 1801.] 
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excitement I hare fimiid that the gases erolved finom 
water hj the actioii of aeiiea in which the ozydating 
fioid média are acids or metallic solations, do not differ 
in kind or properties from those produced hy that of 
combinations in which the Ûuid média are œnstituted 
hy comuRm water. 

I have lateij made many experiments on the single 
oxydating circles of Ash, and on the influence of thèse 
circles on galvanic animal irritation. Thèse experiments 
vill at some time be made public ; thej go &r towards 
proving not onij that the circles of Ash are govemed by 
the same laws as the pile of Volta; but likewise that 
there exists in living matter gal\ anic action independent 
of ail inilucnce gcnorated by metallic oxydation. I have 
produced the phœnomena of taste and muâcnlar irrita- 
^tion by means of metals, in cases when they were appa- 
i»ntly incapable of undeigoing chemical change. 

I am, Sir^ &c. 
(Signed) HuMFHBT Daty. 

Dowry Square, HotweOfl, JannaTy iS3, IflOl. 



AN ACCOUNT OF SOME GALVANIC COMBlXATIONS,FORMED 
BY THE ARRANGEMENT OF SINGLE METALLIC PLATES 
AND FLUIDS, ANALOCJOUS TO TliE NEW GALVANIC AP- 
PABATU8 OF MR, VOLTA.* 

1* All the galvanic combinations analogous to the new 
apparatus of Mr* Volta, which have been heretofore de- 
scribed by experimentalists, consiat (as fiur as m y know- 
ledge extends) of séries eontaining at least two metallic 

[* Vtcm PhO. Trans. 1801.] 
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substances, or one mêlai and clftircoal, and a stratum of 
fluid* And it bas beeo genendly snpposed, that thcir 
agencies aie, in some measuie> oonnected with tfae di^ 
ferent pomra of the metala to conduet electricity. But 
I have found that an accumulation of gakanic influence^ 
exactly similar to the accumulation in tlic common pile, 
may be produccd by the arrangement of single mctallic 
plates, or arcs, witli différent strata of fluids. 

The train of reasouing wbich led to tbe diacovery of 
this. fact» was produced by the observation of some 
phaenomena relating to the connection of chemical 
.dlwnc^ witfa the évolution of galvanic power. 
: It appearedy in several expérimenta, that séries of 
double metallic plates, incapable of acting as galvanic 
combinations, when arranged in the proper order, with 
portions of water, were readily made to produce galvanic 
eâfects, by being altemated with acids, or otber tluids 
capable of oxydating one onlj of the me tais of the séries. 
Thus, double plates, oomposed of ailver and gold^ 
(metals'which have heen supposed to differ veiy litde 
in their powers of conducting electricity) produced gal- 
vanic action, when placed in contact, in the common 
order, with cloths moistened in dilute nitric acid. And 
copper and silver acted powerfuUy with mtrate of 
mercury. 

Thèse &ct8 induced me to suppose, that the altema- 
tion of two metalUc bodies with fluids, was essentîal to 
the production of aceumulated galvanic influence, only 
00 &r as it ftumished two conducting sur&ces of différent 

degrees of oxydability ; and that this production would 
takc place, if single metallic plates could be cuniiectcd 
together by différent fluids, in such a manner that one 
of their surfaces onlj should undergo oxydation, the 
arrangement being regular. 
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On thifl iuppontioo» I nuid* « nnmber of eiperiiMiits 
on difforent amngeinents of siag^ mtttSk and fiuidt; 
and» after many varions pro coaocg , I was enabled to 

ascertain, that many of thèse arrangements could be 
madc active, not only "when oxj'dating, but likewise 
when other chemical diaoges were goiiig on in some oi' 
their parts. 

In deacribing the different g^vanîc combinations 
fiinned bj amgle metallic plates luod fluida> I ahall divide 
them înto three claaBei^ ibOowing, in tbe amngement» 
the order of time witli regard to disoorery. 

II. The fîrst and most i'eeble class is compose d, when- 
evcr single metallic plates^ or arcs, are arranged in such 
a manner that two of their surfaces, or ends opposite to 
each other, are in contact wîth différent âuids^ one 
capable, and the other incapable^ of ozydating the metaL 
In this caae» if the séries are numerous» and in regular 
altemation, galvanic influence wîQ be accnmuktedi 
analogoufl in aU its effiecta^ to tfae influence of tbe com- 

moo pile. 

Tin, zinc, and some other easily oxydable metals> act 
most powerfuUy in this ciass of combinations. 

J£ pièces of polished tin* about an inch square, and 
(>f an inch thick, be connected with wo<^n doths 
of the aame sise^ (moiatened» some in water^ and some 
in diluted nitrons add,) in the following oïder, tin« add, 
water, and so on> tîll twenty séries are p«t^ together, a 
feeble galvanic battery will be formed, capai>le of acting 
weakly on the organs of sensé, and of slowiy pruduc ing 
the common appearances on water ; the wire from the 
oxydating sur&ce of the plates eYolving hydrogen, and 
the wire from tbe nonK)xjdating soiface (when of sibrer) 
depottting oxyde. 

In ail casesy ^en the batteries of the fint dass are 
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erected perpendicularly, the cloth moistened in acid 
jmust be placed under the doth moistened in water; 
and, in this «nangemeii^ as tlie add is qpMÎficaUy 
hettrâr than mter, litû» os no mixture of the fluida 
•vnH take place. 

When zinc is employcd, on account uf its rapid 
oxydation in water containing atmospheric air, three 
cloths should be used; the tirst moistened in weak 
adation of sulphuret of potash^ (which ig pooeacocd of 
no power of action upon me, and whioh preyenta it 
Snm aotîng upon the water ;) the second moistened in 
a solution of sulphate of potash, of greater spécifie 
gravity than the solution of s\il})huret; and the third 
wetted in an oxydating âuid specifically heavier than 
either of the sohitions. In this case, if the order be as 
iaXiawB, dnc, ozydating solatîoliy solution of soi^ihate of 
potadiy sohition of sulphuret of potaièy rery little 
miztore of the fiuids, or chemical action between them» 
will take place : and an altemation of twelve séries of 
this kind» f(mm a battery capable of producing sensible 
effects. 

in. The second dasB of galvank combinations with 
sinf^e plates is formed, when platei^ or aica^ composed 
of a n^taflic sabstanoe capable of acting upon snlphn* 

retted hydrogen or upon sulphurets dissolve d in water, 
are formed into a séries, with portions of a solution 
sulphuret of potash^ and water^ in such a manner that 
<me side of every plate^ or arc, is in contact with water, 
whilst the opposite side îs acted on b j the solntion of 
salphnret Under thèse ctroumstanoesy when the alter- 
nation is regular, and the number of séries sufficiently 
great, galvanic power is evolved ; and water, placed in 
the circuit with silver wires, is acted on ; oxyde bring 
deposited on the wire coonected with the aide of the 
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plate undergoing chemical altération, whilst hjdrogen 
ia evolved from the side in coiiLact with water. 

Silver, copper, and lead, are each capable of forming 
this combination. Plates made from either of thèse 
metals, may be ananged with dotha (nuûstened, some 
in water^ and othen in solution of sulphuret of potash) 
in the foUowing order, métal» doth moistened in sul- 
phuret of potash, clolh moistened in water, and so on. 

Eight séries will produee sensible effecta; and the 
wire irom the top of the pile produces oxyde. 

Copper is more active in this class of batteries tban 
silver ; and silver more active tban lead* 

IV. The third and most powerftd dass of galvanic 
batteries, constructed with fluids and single metals, is 
luriiied, when metallic substances, oxydable in acids, 
and capable of acting on solutions of sulpburets, are 
connected, as plates, with oxjdating fluids and solutions 
of sulphuret of potash» in such a manner that the 
opposite sides of every plate may be undeigoing .dif-» 
férent chemical changes; the mode of altemation being 
regidar. 

The saïue metals that act in the t^ccond class, mav be 
used in the third class ; and the order of their poweis 
ig similar. The pile may be erected in the same man- 
ner as the pile with zinc in the first dass ; the clotha 
moistened in acid being separated from thoee moistened 
in solution of sulphuret, by a third cloth, soaked in 
solution of sulphate of potash. 

Three plates of copper, or silver, arrangcd in this 
manner, in the just order, produce sensible eiï'ects ; and 
twelve or thirteen séries are .capable of giving weak 
shocks and of rapidly producing gas and oxyde in water ; 
the wire connected with the oxydating end of the appa^- 
ratus evolving hydrogen ; aud the wire attached to the 
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end actiiig on the sulphuret, depositing oxyde when 
composed of sUver, and generating oxygen when of 
gold. 

y. In ail the single metallic piles constructed with 
clotlis» the action is veiy transient; the décomposition 
of the acids, and of the sulphurets, îs generally corn- 

pleted in a few mmutcs ; and, iu coDscqucnctj, the 
galvanic influence ceases to be evolved. The arrange- 
ment of ail the différent séries may, however, (by means 
pf an apparatug constructed after the ideas of Count 
Rumford) be made in such a manner as to give consi- 
dérable pennanencj to their effects» This apparatus is 
a bozs coyered with a cernent incapable of conducting 
electricity, and composed of three pièces of mahogany, 
cach coîitaiiiing grooves capable of recciving the edges 
of the différent plates proper for composing the séries. 
One-half of thèse plates must be composed of hovUs or 
'giass» and the othcr half of metallic substances; and 
the conductors of electricity» and the non^conductors» 
must be altematel j cemented into the grooves, so as to 
form water-tight cells. 

When the apparatus is used, thèse ceîls are fiUed in 
the galvanic order, with différent solutions, according 
to the class of the combination ; and conncctcd in pairs 
with each othei;, by slips of moisteued cloth^ carried over 
the non-conductîng plates. 

A combination of âftj copper-plates» airanged in thJis 
manner with weak solutions of nitrons acid, or nitrate 
of ammoniac, and sulphuret of potash, gives pretty 
strong shocks, rapidly evolves gas from water, and 
aflfects the condensing electrometer. 

It does not lose its power of action for many hours ; 
and when this power is lost, it may be rcstored by the 
addition of small quantities of conccntrated solution, of 
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the proper cbemical agents to the âuîds in the différent 
cells. 

From the experiiaents made on copper and silver, it 
would appear that the single metallic batteries act 
equallj well» when the metals made use of are slightly 
allojed» and when thej aie in a atale of purity* 



OUTLIXES or A VIEW OF GALVANISM, CHIEFLY LXTRACT- 
ED FROM A COURSE OF LECTURES ON THE GALVANIC 
PHiENOMENA, RBAD AT THE THEATRE OF THE ROYAL 
INSTITUTION* 

L HlBTOBICAL ImnBODUCTIOir. 

1. The science relating to the peculiar action of dif- 
férent coiuluctors of electricity on each other, has lately 
excited a considérable degree of attention in the phik>> 
Bophical world. 

Owing ita orîgin to the phœnomenoii diaoovered by 
Galvani^t the prodoction of mnscular action by the 
applicafrîon of metals to the neires and muscles of 
animaLj^ it has derived lia namc Hum that piiiloâopher.} 

* [?rom Joainali of the Boytl Institation, voL i. 1802, edited by 
Dr. Tliomas Young and fhe aafhor. This historical sketch of ftifawtwn 
18 chiefly înt^restine: as strongly showîug its rapid progress.] 

t The first fact relating to the action of metals on the animal orcana 
waa observed by Salzer, who hm descriUici the seusatiou of taste pro- 
daced by the contact of lead and sil^er with the tongue^ in his Théorie 
dêifiaUirSf publlabed la 1767* 

t \TbSB diMomynia nade ai Bokgna by Galmii in 1789, tad a 
detailedaeeoiiiKt ùt it glTen in a woik eaqpffCMly on fiie snlileet, entifled 
Aloyaii Galvani de VkHnti SleeMeitatU in Motu mtueuîari Comment 
tariut. Bononiœ, 1791, in 4to. Volta, in his letter to Mr. CaTallo, 
pabliahed in the Philosophîoal Transaetions for 1793, making mention of 
it, says, " Il contient une des plus belles et des plus soiprenantes décott* 
vertes, et le germe de plosieurs autres.''] 



Digitized by Google 



VIEW OF GALVANISM. 



189 



Gahankin mm at fiist limited in its application to 

organized bodies; but in conséquence of the labours 
and inventive genius of experimentaliPts, oiir contem- 
poraries, it has gradually become conncctcd with che- 
mistry and gênerai physics; it has afforded powerM 
instrumenta of înToat^ation; and its opérations bave 
been traced thronghont die whole of nature. In giving 
an account of the progresa of tfais ecîence in its relation 
to the powers of the human mind, it will be sufficient 
to notice such experimcnts oniy as hâve derived their 
orî^ ùom extensive theoretical views, and such dis» 
coverîea aa baye led to accnrate generalizations of 
pluenomena alieadj known. 

Though the history of galvaniam extends only through 
the period of the last nine years, yet we niay notice in 
it four epochs, each of them distinguished by the 
deveiopment of facts variouaiy interesting from their 
noTelty and the extent of their application* 

2. Gonaidering the first epoch as fimned by the 
publication of the fundamental gahranic ûuctf we maj 
dérive the second from the discovery of the existence of 
inorganic galvanism, Till the researches of Fabronî, 
Dr. Ash, and Crevé, had been made known, the gal- 
▼anic influence was generally considered as existing 
only in living animal otgaaa. But the discovery of tbe 
peculiar action of metala in contact witb eadi otfaer 
upon water, demonstrated Ûie production of it in 
arrangements composed wholly of dead innUer, and laid 
the foundation for a new class uf investigatioais, wliich 
bave intimately connected the galvanic phaenomena 
with known pbyaical effects. 

3« Tbe tiihrd epoch in tbe biatray of tbia science is 
perbape the most brilliant and important It will long 
be ceiebrated ou account of the discovery of the accumu- 
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lation of the galvanic influence. Before this discovery 
was made^ the world, ia gênerai, beheld nothiug deeply 
interesting in galvanism; it had no relations to the 
common wants of life^ and the fiacts that composed it 
were so obscure as to be with difficulty comprehended» 
ezcept bj long attention. • The galvanic batteiy of 
Volta, not onlj gratified the passion for novelty by the 
curions etfects it produced, but likcwisc awakcned the 
love of investigation, hy distinctly cxhibiting the analogj 
betwcen galvanism and common electricity. 

4. The fourth and last epoch in galyanism may be 
considered as founded upon the knowledge of the 
gênerai connexion between the excitement of galTanic 
electricity and chemical changes; and it chiefly bwes 
its existence to the labours of Kritish expcrimentalists.* 
The discovery of the chemical agencies of galvanism^ 
has Icd to researches which finallv cannot fail to eluci- 
date the philosophy of the impondérable or etherial 
fluids. The year that is past will long be distinguished 
in the history of science ; seldom has physical investi- 
gation been pursued with greater ardour, and if new 
fibcts, bybeing somedmes insulated, and încapable of 
application to established théories, have perpkxcd the 
public mind, yet they have at the same time been 
useful to it, by producing a habit of rational and active 
scepticism which cannot fail to become at a future 
period the parent of truth. : ' - 

II» Of THE LEAST COMFLICAT£J> OALVANIC ARRANGE-. 
MENTSy L SIMPLE CIBCLS& 

1. The conductors of electricity, whieh by their 
action on each other are capable of producing gaivaaic 

* Messrs. Nicholaon, CarUsle, Crnickiihank, and Heniy, Dr. WolUtfton, 
and M^jor flaldane. 
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efiects, may be diyided into two classes.* The one 
daas comprises what maj be caUed perfect condttctorây 
oxydable metàUic sabstances and charcoal. The other 

includcs less perfect conductors, which arc cithcr oxj- 
datcd fliiids, or substance^ coiiUiinin«^ thèse fluids. 

The hiinplest galvanic arrangemenu require for their 
formation at least two bodies of the same class, and one 
{sê àiààSerent daas.* With regard to the form of their 
ag j gfe g rti oiD, ihey must be so disposed that the bodies of 
idie one class may be in contact with each other» in one 
«BM ire pmntSy 'at the same tîme that they are connected 
in othcr distinct points with the hody of the other c lass. 

2. Tlie simple galvanic circles maj be dividcd into 
two gênerai kinds. 

i The fiist ia- formed by two différent metalHc sub- 
«timced, or one metallic substance and charcoal» and a 
peculiar fluid* 

vtThe second is composed by two différent ffuids and 
«ne metalHc substance. 

Thus, if pUtcs of zinc and of silvcr be niade to touch 
in one point, and be connected together in other points 
by a portion of common water, or of muriatic acid, a 
galvanic simple circie is formed of the first order. 

Qr if separate portions of nitric acid and of water 
moistening pièces of cloth or bibulous paper be bronght 
in contact with each other on a smaU snrfiice» at the 
same time that other surfaces of them are connected 
with diifcrent parts of a plate of tin, a circie of the 
second kind is coiupused.t 

3. AU arrangements, however, of two conductors of 
one dass'with one of the other are not capable of pro- 
ducîng galvanic efifects» And even the powers of acting 
circles are veiy différent in degree* It appears» from 

♦ Volta. t D. 
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ail the facts, that chemical changes taking place in sotne 
of the parts of the circîe, are intimatelj connected with 
ils agcncies. For though a momentary circulation of 
galvanic influence may poesibly be produced bj the 
contact of three différent bodies, yet it appeais moet 
Ukelj that the pennanent exdtation of It dépends upon 
a certain exertion of tbeir chemical affinities. 

The most pomrftil circles of the fint kind are thoee 
composed of Lwo solids of différent dcgrees of oxydabi- 
lity, and of a fluid capable of oxydatiug at least one of 
the solids.* And even in the féeblest circles, it appears 
that some chemical action is uniformly exerted either 
by oxydating fluids, or solutiona of alkidine solphurets. 

Thus» sUver and gold do not appear to evoWe galvanic 
influence when in contact vith pure water, which îb 
incapable of acting chemically upon either of the 
mêlais; though ^\heii they are connected with water 
holding in solution nitric acid, or any other fluid 
decomposable by siiver, they form an active galvanic 
arrangement.t 

And zinc and silver, which act veiy little vith pore 
urater, fonn a powerful combination with water holding 
in solution atmospheric tir, <x acids* X 

The foUowing table of some circles of the fiist liind, 
in which the différent substances are arranged accordîng 
to the order of their known galvanic powers, will shew 
how intimately chemical agencies are related to the 
production of galraûsnL 

• Ritter. t D. | Fabroni. 
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TABLE OF SOMB GALVAXIC CIRCLES, 

C0Air03ED OF TWO l'KKrKCT f'ON I>t rTOK:i AND ONE 
1 M r liK l' lie 1 C O N D L" C I O 11. 
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char(^Dal. 

'^oh\, -silvfT. 

— V^oM, .'silvti'. 

— gold. 
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•g 
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;'>ohitîons of iiitrii' 
aciU iii watcr, ot' 
muiiutii- aci'l and 
^ ralphiirir a(Md, 
, WaUT holdiii;^' iti 
i soliilioiàoxigen,ttt- 
Lmospheric air, &c. 
ff'Dhitloii of nitrate 
j <>t' et' uud mer- 
^ eiir\ , nitric aciU, 
l^acc tdus ac-irl. 
Nitric acid.* 



Tiie most active single circles of the second order are 
thofle in wbich the two imperfect conductors are capable 
of exerting différent chemical agencies on the peifect 
conductor^ at the same titnc that thej are posscssed of 
power of action on each other. But even circles in 
whicb only one of tlic tliiicl ])arts is dccomposablc hy 
the solid, are possij^>cH.l uf ])()wcr of action. 

Thus, copper, silver, or Icad, acts vcry powcrfully 
when connected iu the proper order wiili solutions of 
alkaline sulphurets and of nitrous acid^ both of which 
fluîds aie possessed of distinct chemical agencies upon 
diem^t and copper or silver acts, though with less 
mtenmtj when water, or a fluid which they are încapa- 
ble of dccomposing, is substitutcd for onc of the cheiaical 
agents. 

• Dry nitre, cuustic potasli, anJ soda, are conductors of guUanisni, 
■when rendered fluid by a hi^h dc'gre€ of heut, but tUc order of thcir cou- 
ductiog powen bas not yet beea aseertained. 

tD. 

VOL, n. K 
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The foUowing Table contains some powerful galvaiiic 
combinaiiuii.s of the second order, arruDged accordÎDg 
to the inteiisity of their action. 



TABLE OF SOME GALVANIC CIRCLBS, 

COKPOBBD OF TWO IKPBSFBCT COKBUOTOBft AXD OVB 
FBBFBCT COirOTTCTOB. 
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but not on the last 
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Zine. . . 




three. 





4. Arranf^cmeiiUs exactly simllar in their action to 
the commoa simple circles maj be formed by the coin- 
bination of more tban three conductors. For, that 
simple galvanic action may be eyolved^ nothing more îb 
apparently requlsite thaa that the points of contact 
between the sotid and fluid parts of the cucle» I. e. the 
places where chemical afRnities are liable to be exerted, 
be iiiimediately prcserved ; at the same time that tbose 
parts are respectively homogeneal, or composed respec- 
tively of simllar conductors. Thus^ zinc^ silver^ iron^ 
gold, and water» aiianjçed in a circle in the order of 
their enumeration, produce action exactly analogous 
to 2Înc» gold^ and water. And nitrous acid, water, 
solution of caustic jjbtash» solution of sulphuret of pot- 
ashj aud silver, evolve galvanic influence in the same 
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manner as nitroiis acid, water, solution of sulphuret of 
potafihy and siiver. 

It appeanty however» tbat the length and aur&ce of 
ike conducting séries, Connecting tlie exdting parts of 
the ciide, are in some measure related to the quantity 
of action it is capable of exhîbitîng. Thls law, indeed, 
applies only aiialogicallj to pcrfcct coiulucturs ; tlioiigh, 
witli regard to imperfect coiiductors, it is dcmonstrated 
experimentally ; aa in ali cases, a diminution ot power, 
in some unknown ratio, is produced hy tlic increase of 
the length, or what is apparently équivalent, the dimi- 
nution of the sur&ce of the chain which they compose. 

The limita of suiÊMïe and of length of imperfect con- 
ductors in circles, connected with the maximum and 
minimum of thcir activity, havc not yct becii ascor- 
tained ; and thcrc is every reason to beiievc that tlicy 
will bc différent in différent imperfect conductoi'S. 
Thus, portions of sulphuiic acid, and of nitrous acid» 
'will probablj foim better conducting séries than nmilar 
portions of water; and a chain of water will periiaps 
act better than an equal chain of water mized with 
alcohoL 

From scveral cxperiments, it would appear thaï ilie 
powers of circles are particularly connected ^\itli tlie 
extension of tlic surfaces of contact between tiic perfect 
and imperfect conductors. 

5. Ail galvanic influence in single circles is mani- 
iSbBteà, either bj its efficiencj, in a£fecttng living animal 
oigans, forming part of the arrangement, or bj its 
power in modifying the chemical changes produced by 
the action of the perfect on the imperfect conductors. 

A. When one ])art of a powerful single circle is made 
to touch the tonguc at the samc timc that another fluid 
part is connected with some irritable surface of the 

&2 
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body, an acid taste is perceived,* vhich becomes less 
distinct in proportion as the contact is longer preserved. 

If the eye hc made part of the galvauic circuitj a 
transient flash of light Ls protluced at the moment the 
chain is completed,t and whca the bared cutis is 
employed, a faint painful sensation unifonnlj dénotes 
the circulation of the galvanic influence^ 

But the most distinct mode of exhibiting^ b y animal 
excitement, the existence of sisall quantities of galvanic 
power, is by Connecting onc part of a circle with a 
nerve, and another part with a muscle in a limb just 
separated ùom the bodj of a living animal. In this 
case» whenever the connexion of the arrangement is 
made» or broken» muscular contractions are produced.§ 

B. In galvanic simple circles, ail primary chemicai 
action Laking place Ijctwccn the imperfect and perfect 
conductors, is apparently increased by their galvanic 
arrangement* Thus» zinc, which oxydâtes when in 
contact with common water alone» oxydâtes much more 
rapidly when fonning a galvanic circie with it by means 
of gold, or other difficultly oxydable metals, 1 Ând tin 
ap})ears to dissolve faster in diluted nitric acid, when 
coifiposing a circle with it by the contact of gold» than 
when singly immersed in it,% 

C. But increase of primary chemîcal action is not 
the only inoiganic effect of galvanism ; for it changes 
the nature of this action in a very peculiar manner. 

In the oxydating circle with common water, no per- 
ceptible quantity of h^alrogen is cvolved, as in common 
processes, but an alkaline substance appears to be 
formed at the point of contact of the least oxydable 

* Sulzcr, Yolta, Robinson, and uther philosophera, 
t Mr. Hunter. t HnmboMt. § OalTtni. |) Dr. Atlu 
% Oxifl^nal Bi^eriiiient B. 
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perfect conductor with the flnid. ThiM, if zine and 

silver be made to forin a circle with distillcd watcr 
holding in soUition air, for many sveeks, a considoraltle 
oxydation of the zinc is perceived, without the percep- 
tible évolution of gas; an'd the water at its point of 
contact with the ailver^ becomes possessed of the power 
of dngii^ giçen» red-cabbage-juice> and of rendering 
tmlnd solution of muriate of magnesia** 

In the oxydating circles with acids, gas is not onlj 
evolved hum the parts of the conductors undergoing 
cheinical chantre, but likewise from odier parts, in 
which no priinary action apparcntly exista. Thus» 
when zinc and silver form a circle linth diluted mnriatic 
acid» gas is not onlj given ont at the point of contact 
of the acid with the zinc, but likewise at the place 
where it îs connected with the silyer.f And in the 
circle with tin, gold, and diluted nitric acid, nitrous gas 
is evolved from the gold as wcll as from the tin.* 

D. Indeed, in ail the single j^ah^anic circles, whcu- 
ever an oxydating influence is exerted at onc of the 
places of contact of the perfect and imperfect conductor» 
a de-oxydating action appears to be prodnced at the 
other place. Thns, when iron^ which oxidates rapidly 
when forming a circle with silver and common water, is 
arranged with zinc and common water, it remains per- 
fect! y unaltered whilst the zinc is rapidly acted 14 ion. 

6. The phapnomena exhihited by the simple galvanic 
circles cannot well be theorised upon« except in the 
lawB of their connection with the more complicated and 
more striking galvanic fects. And it is from the disco- 
veiy made bj Volta of the accumulation of gfdvanism 
only, that the instruments of investigation are derived, 
by mcans of which the nature of tins influence is 
* Oiigmal Experimeut D. t Di* Wollastoo. 
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kllo^Ml, rnid its most important agencies and relations 
ascertaiued. 

III. Of COMPOUND GALVANIC CIRCLB8 OR GALVANIC 

BATTERIS8. 

1. The instraments for aocumnlating galranic power, 

or thc coinpouiul pralvanic circles are composcd of the 
gamc elenients, as the simple circles; but those éléments 
are disposed in a différent power of aggregation. 

To compose a galvanic batterj^ séries of the conduc- 
toiB capable of formÎDg simple dictes are lequired. 
And tfaey mnst he arranged in sncfa a manner, that the 
conductcMS of the same class in ereiy séries^ maj be in 
contact "with each other» in one or more points, at the 
same time tliat they are respectively connected with 
différent conductors of the other rlass, and one of them 
belonging to the same séries^ a reguiar aitemation being 
observed. 

Thns the order ef a compom:id galvanic circle is^ 
conductor of the one ctess, conductor of the other dass» 
oonductor of the one dass, conductor of the other 

class ; and so on în untform arrangement 

2. The compound galvanic circles, like the simple 
circles, may be divided into two gênerai orders. The 
ûrst order is composed of séries containing at least two 
perfect conductors and one imperfect conductor. The 
sebond is fonned by airangements^ consisting of not 
less than two imp^ect conductors» and one peifect 
condoctor.* 

Thus if plates of zinc, and of silver, and pièces of 
cloth of the size of the plates, moistened in water or 
diluted muriatic acid^ be arranged in the order of zinc. 
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silver cloth ; zinc, silver clotb» and so on till twenty 
séries are perfectlj connected» a galvanic battery is 
"fonned of the first dasa* 

And if plates of copper and pièces of clothi moist- 

ened, some in water, and some in solution of sul- 
phurct oi poiash, be conuected in a cii clo, in thc order 
of copper, eloth moistened in water> dotii moistened in 
solution of sulphuret of potash» and so on, a compoand 
oircde wîH be fanned of the second das&t 

The most élégant mode however of arranging the 
metals of compoand circles with fluids, is by means of 
vessels, composed of electrical non-conductors, such as 
glasses or boxes formed of baked wood. 

Thus plates of copper and of zinc» paired, and sol- 
dered together at their edges, may be cemented into a 
trcmgh composed of baked wood in réguler altematioD, 
and in suoh a manner as to leare a number of water» 
tiglit cells, corrcspouding to the number of séries. And 
this arrangement will become active, when the cells are 
Med witii water or saline solutions, and when the 
extrême metals aie properly connectedt 

Or instead of the double plates, single plates of 
copper, and of hom, or glass, may be used in uniform 
altemation ; when the cells must be filled with différent 
fluid chcmical agents in the regular order so as to be 
connected together by pièces of moistened cloth passing 
over the non-conducting plate8.§ 

3. The substances most active in the single circles, 
aie likewise most active in the compound circles. 
And in ail cases, the relative quantités of galvanic 
power exhibited by equal niimbers of différent séries, 
are, in some measurc, proportional to the intcnsity 
of the peculiar primary chcmical agencies, exerted by 

* Yolto. t n. t llr* Crolckfihank* § Connt Bamford. 
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the difibtent oonductors composing them on each 
other.* 

Thuis in the battery with zinc and silver, there is no 
action produced when the Connecting floid is pure 
water» or water holding in solution hydrogen gas, which 
is incapable of actîng on the metalât action is 

greater with water satnrated with oxjgen^ than with 
water satnrated with atmosphcric air, and it is most 
intense, when solution of red sulphate of iron, or of 
nitric acîd is employed. 

The tables of the single ciicles will indîcate with the 
necessary change of arrangement, the relatÎTe powers of 
the séries fonning compound cirdes. 

4. Provîded those places of contact in the compound 
circle in which the pecuHar chemical clianges are pro- 
duced, remain permanent, the parts of the séries which 
do not immediatelj act chemicallj on each other, maj 
be connected together in the same manner as in single 
circles» b j means of conductors of their own class, with- 
out any altération of the nature of the agencîes. 

Tlms, in the circle willi copjici, irun, and water, the 
copper and iron may be connected by means of a wire 
of brasB,§ And even the continuity of the portions of 
water may be broken bj moist muscular fibre» and other 
imperfect conductors, without any other change in the 
eflect than a diminution of its intensity.{| 

5. The galvanic influence when highl j accumulated, 
produccs very extraoïdiiiary chemical and physical 
eftecis, and in m any of its appearanccs, assumes the pré- 
cise form of common electricity. 

A. When in a powerful battery (one for instance 
containîng two hundred séries) the communication, after 

* D. t B. t Major Haldaoe. % Yolta. 

n FùiS, mter, and D. 
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being brokcn^, is again rcndcrcd complète, by the contîict 
of two perfect conductors, a flash, or spark of lifjbr is 
perceived^ analogous to that prodiiced by electricity."^ 
ThÎB sparky or flash, when the battery is moat poweriul^ 
is capable of passing through a oonrâderable Btratnm of 
air,t Ai^d of inflamiog mbctures of oxjgen and hjdro» 
gen.J When the metallic substances by which it is 
tratisiiiitted, are of very small volume, it is possessed of 
the power of igniting them ; and of making theux enter 
into combustion when in contact with oxygen.§ 

B. The galvanic inflnencef when highlj concentrated» 
aflècts the electrometer, and is capable of communicat- 
ing weak charges to the condenser and Leyden phial.H 
In ail compouud circlcs of the first class, the raost oxyd- 
able part of the mctallîe plates evolves the iiilluence, 
appearing as positive electricity, whilst the least oxyd- 
able part seems negatively electriûed. In the second 
class of ciiclesy it is» howerer^ probable that this order 
is reversed. 

C. Galvanism, moderately accumulated, affects the 
animal organs in nearly the same maoïier as comniou 
electricity. When the hum an body is made part of the 
drcle^ a shock is perceived at the moment of connection; 
and « subséquent nambnessy and tingling sensation, 
dénote the permanent drculatîon of the influence. 

The fresh limbs of frogs undergo violent contractions, 
and soon lose their excitability, when placed in the 
circuit of a powerful battery. 

D. The chemical actions taking place in the com- 
poond galvanic ciicle> présent curious and most unex-> 
ampled appeaiances; ail the primary changes taking 

* Yolta. t Mr. Cniickshank. t Mr. B. Boulton. 

^ Prof( ssoFB Tromsdorf, Bockman, FouieiOjry aad Vinqilèliil. 
H Ml, Nicholioii aud Ur. Crakkshank. 

Kô 
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place in the dilfeveiit oondacton being incieased, and 

modiiied to a great extent. 

In ail batteries of the first order, when the connu tlon 
is completed, changes take place which dénote the 
evoltttioii of influencée capable of producing fi:om corn- 
mon water, oxygen and hydrogen» acid voà alkali, in 
different parte of eveiy séries.* 

TlutB in the batteiy irith séries of cinc plates» ttlver 
-mres, and commoa water, oxyde of zinc is fonned on aJl 
the plates of zinc, whilst hydrogen is produced from 
the silver wires, and if the water in them be tinged.with 
red-cabbage-juice it becomes green.t 

And in the batteiy with silver, gold, and weak nitric 
acid» the silver is dissolved» while the acid becomes 
green, and slowly erolves gas at its pointe of contact 
with the gold« 

The chemical agencies exerted in the compound 
batteries of the first class can be best observed by the 
substitution of single nietallic wires for sume of the 
double plates; for in this case» 
place in the séries with wires wîll bc exacây analogous 
to those produced in the séries with plates ; silver and 
ail the more o^dable metals» oxydating in water in 
the usoal place ; and gold» and platîna evolring oxygen 
gas. 

Thus, when into two small glass tubes cunnccied by 
moist animal substance, and fiUed with distilicd water» 
two gold wires are introduced from a laige batteiy» in 
the proper order, oxygen is produced in one quantify 
of water» and hydrogen in the other» nearly in the pro* 
portions.in which they aie required to fiinn water by 
combustîon4 And if the process be continued for 

* Mr. Xicliolson, Mr. Carliflls, and ICr. Crnickahank. t B. 

% Original ezpeiimeiit» D. 
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8ome time» the «pparatiu, bemg expoaed to ihe atmo- 
sphère, the water in the oxygen g:iving tube, will become 

impre^ated with an acid (apparently the nitrous); 
■whilst Lliat in the liydrofren giving tube, will be found 
to hold in solution au alkali, which in certain cases 
has appeared to be fixed»^ 

From sonie experiments it would appear probable 
that the quantités of hydrogen prodaced in séries are 
small, and the quantities of alkali great, in proportion as 
the surfaces of contact of tlie Icast oxydable me tais with 
the water are more extcnded.t 

AU the ozygenated solutions of bodies possessing less 
affinity for ozygen than nascent hydrogen» aie de- 
composed when exposed to the action of the métal oc* 
cupying the place of the least oxydable part of a séries 
in the coin])()und circle. 

Thus sulphur niay be produced from sulpiiuric acid ; 
and copper and other metals precipitated in the metaUic 
lorm» ùom their 8olyents4 

But little knowledge- has yet been obtalned concem- 
ing the chemical changes taking place in the second 
class of galvanic batteries. But from several experi- 
ments it would appear that they are materially différent 
in the laws of their production irom those taking place 
in the fiist dass. 

Thus, yrhiBïk single metaUic mrea with water» are 
placed as séries in powerful batteries of the second 
order, the influence producing oxygen seems to be 
transmitted by the point, in the place of that part of the 

* Mr. CTuickshank, the first dlscorerer of the galTvnie production ci 
alkali, supposes that the hydrogen wire in common water gencratcfi 

ammoniac. Perhaps tho présence of muscular fibre is connccted with 
the production of tixcd alkali in the experiment detailed in the tcxt. 
t Original experiment, D. 

t Mr. Nicholsou, Mr. Cnùckâliauk, and Mr. Henry, Juu. 
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plate which was apparendy incapable of undergoing 
oxydation ; whilat the hydrogen is evolved from that 
point where the oxydating part of the primary séries 

appeared to exist.* 

6. The aorency of the galvanic influence, which occa- 
sions chemicai changes^ and communicates electrical 
changes^ is probably, in some meaaure, distinct from 
that agency which produces sparks» and the combustion 
of bodies. 

The one appears^ (ail other circumstances being 

similar) to have littlc relation to surface in compound 
circles^ but to be great iu 8unie unknown proportion, as 
the séries încrease in number. The intensity of the 
other seems to be as much connected with the ex- 
tension of the Bui&ces of the séries as with their 
number. 

Thusy though eight séries composed of plates of zinc 
and copper about ten inches square, and of cloths of the 

same size moistened iu dululed muriatic acid, gîve 
sparks so vivid as to bum irou wire, yet the shocks 
they produce are hanUy sensible, and the chemicai 
changes indistinctf Whilst twenty-four séries of 
similar plates and cloths about two inches squaîe> which 
occasion shocks and chemicai agencies more than three 
tîmês as intense^ produce no light whatever. 

7. A measore of the intensity of power in galyanic 
batteries producing chemicai changes, may be de- 
rived from the quantity of gas it is capable of evolving, 
irom water, in a given time ; or from the length of 
the fluid chain through which it can be transmitted. For 
the same law of diminution of actiyity that was applied 
to single ciicles in 4> page 200» may be likewise applied 
to compound circles. 

* 2>* t rourcroy, Vauquelini and Thenaud. 
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The genend relatiye process of différent batteries may 

be ascertained hy cunncctin*» them in opposite orders, 
80 as to produce a certain annihilation of ])owcr. For 
in ail cases when the most oxydable part of one séries is 
placed opposite to the same part of another equal 
séries, and connected with it bj means of a fluid^ the 
galvanic agencies of both are destrojed. 

lY. GeNBEAL OB8BRVATION8. 

1. From a valuable experiaient lately made,* it ap- 
pears, that ivhen common electricity is passed through 
water^ hj means of two very fine metallic points, che- 
micai changes are efiected bj it sîmilar to those occa^ 
sioned bj the transmission of the galvanic inflnence.f 

Thîs fâct sîngly, présents a very strong analogy be- 
tween izalvanism and the common electrical influence, 
and when compared with the othcr facts, it amounts 
aimost to a démonstration of their identity. 

On this theory, it seems most probable^ that ail the 
différent galvanic phœnomena owe their existence to 
electricity, excited in the différent arrangements, in 
conséquence of a change in the electrical capacity of 
such of their parts as undergo chemical action, this 
action being always connected with altérations in the 
surfaces, and conducting powers of bodics. 

The circulation of electricity in galvanic circles, trom 

* 9r Dr. Wollwtoii. 

t [Dr. Widlistoii finmd HhI a lolntkm of snlpIiAte ol eoiiper and of 
eoivoiire saUmiate wfts eaeh deeompoaed Iqr enDmon electricity, in the 
same manner as by Voltaic ; — the metaî was precîpitated at tlie wire 
connected with the TiPtrHth f mnductor : — iii the instance of water, the 
resuit was (litfercnt ; from tlie extrcmity of each wire the two constitu- 
ent gases were disengaged. — Vide £xperiment8 on the Chemical Produc- 
tion and Agency of Ëlectridty. By William Hyde Wollaston, M.D., 
FJL8. FULT^iiUklSOl.] 
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îts différent points of exc itation, appears to dépend, in 
a great measure, upon certain spécifie attractions for it 
in the difllèrent conductors inexplicable hj known ]aw& 

2. In ail cases ofsbnple gahaoic action^ négative waà 
postdye electricitj» as respecdvely esdiibited by ibdr 
de-oxydating and oxydatinginflaences, after being onoe 
excited, can be multiplied hy a certain aitemation of 
surface. 

Tkus in the circle with zinc, irou, and water, in whieh 
as was Btated in page 202, the zinc oxydâtes, and the 
iron undergoes no change^ if a drop of water be plaoed 
on an insulated sar&ce of the iion, it vill rapidly act 
upon it, and produce red oxyde, — whereas if it be 
placed upoii a similar surface of the zinc, it wiU undergo 
very littlc change.* 

This iact will, perbaps» in some measure lead to an 
explanation of the cause of the accumulation of gai* 
vanism in compoond cixdes. For in those cirdes, ail 
the séries are so consdtuted» as to produce a perfect 
correspomk iice between the electricity excited by che- 
mical action, and that produced by compensation. 

3. The gênerai chemical agency of galvanism is at 
présent involved in obscurity. The £icts relating to the 
separate production of oxygen and hydrogen, add and 
alkaH in water, are totally incommensurable with the 
usually received theory of chcmistry ; aud cvcn siip- 
posing tliat the appearancc of the two last uï thèse 
bodies is connected witii tlie présence of atmospheric 
air» it is still extremely difficult to ooncelve, that either 
oxygen or bydrc^en can pass in an invisible fonn 
tbrough fluids or oiganic bodies. Common physîcal 
facts présent us with no analogies sufficiently distinct 
to enable us to reason on this subject; and the eluci- 

* D. 
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dation of it mil probably be connected witfa petfecdy 

new views of corpuscular action. 

4. The appearaiice of ealvanic action in living matter, 
paxticuiarly in the torpedinai oigau, leads to curious 
inquiries. Chemical changes are perpetually going on 
in dififerent parts of the liTing body^ which miut be 
connected ynûi altérations in their Btates of electricity ; 
and organized beings contain ail the substances re- 
quisitc for forming species of gal\ aiiic arrangcincnts. 

Thèse circumstancesy combined with the iacts of the 
production of muscular contraction by common gal- 
vanism^ aad the dependence of irritability and eren 
life, upon the oxygénation of the blood^ afford analo- 
gies which render it probable that some phsenomena 
similar to the galvanic phœnomena, may be connected 
with muscular action, and other processes of life. 
Thèse analogies, however, at présent are veiy imiistinct» 
and they onght to be considered of importance only ao 
isx as they are likely to lead to tiie disoorery of new 
instruments of expérimental investigation. 

COKCLYTSION. 

The relations of galvanism to the différent branches 
of physîcal science, are too numerous and too extensive 

to be connected with the prcceding détails ; and, al- 
though in their infancy, they will probably long con- 
stitute favourite subjects of investigation amongst phi- 
losophersy and become the sources of useful discoveries. 

The new galvanic fàcts bave given an importance to 
the science, sufficient to render it interesting, and to 
ensure its progression. The spirit of int[uiiy is 
awakened in the public mind, and it is difficnlt to 
imagine the existence of causes capable of destroyiug it* 
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Galvanisai may be parsued wîtli greater facîlity than 
most of the other sciences; it requircs less time and 
attention ; it îs loss connectée! with manual labour, and 
the most délicate organs are the best ûtted for perform- 
ÎDg and obsemng its opérations. 

The ÎDStramentB reqmied for galvanic expérimenta 
are few, and but little expensive. Â batteij composed 
of fifty plates, when airanged with chemical agents, 
forms a combination sufficiently powerful for common 
experiments. With such a combination, a fcw glass 
tubes having gold wires attached to tbcm, and a gold- 
leaf electrometer, investigations may be pursued, and 
principles diacovered» eztending not alone to the laws 
of dead matter, bat even to those of animated nature. 

If to render galvanism a popular studj, it were ne- 
cessaxy to prove that it bore relations to the common 
wants of life, it might be stated that its agencies are 
likely at some period to become useful in the arts. 
\Mien onr galvanic instruments are rcTidercd more per- 
fect and more powertul, we may be readily enabied by 
means of tliem to procure the pure metals ; and to form 
immediately firom their éléments^ nitrous acid and 
alkalL The connexion of galvanism with philosophical 
medicine is évident The electrical influence in its 
common form, as excited by machines, has been em- 
ployé d witb advantage in the cures of diseases ; in a new 
State of existence it may possibly be pofisessed of greater 
and of différent powers. 

But independent of the immédiate applications of 
this science» much is to be hoped from the elucidations 
which it may bestow upon the kîndred sciences. And 
a discovery so important as to excite our astonishment, 
cannot fail of becoming at some period useful to society. 
AU the différent branches of humau knowledge are 
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intimately oonnectcd together, and theoretical miprcm- 
ments cannot well be made in them vitfaout being ac- 

companied hy practical advantages. 

Royal Institution^ 



AN AGCO0NT OF A MBTHOB OF CONSTRUCnNO SIHPLB 
AND COMPOUND GALVANIC COHBINATIONS WITHOUT 
THE USE OF HETALLIC SUBSTANCES BY MEANS OF 
CHABCOAL ANB DIFFERENT FLUIDS.* 

1. If a pièce of well bnrned charcoal be brought in 

contact at one of its surtaces with a portion of water, 
and at another surface with a portion of nitric acid, a 
simple galvaoic combination will bc forined when the 
two fluids are connected together. And the powers of 
it are demonstrated bj its agencies upon the limbs of 
ûogs, and by its efiects upon the organs of sensé. 

2. A compound galvanic combination, or a galvanic 
battcrv may be formed from a nunibcr of scrics, com- 
posed et the same substances» but in this case the iiuid 
éléments of each séries not bcing îmmediatelj in con- 
tact, mtist be connected with similar éléments in other 
séries in an order of legular àltemation, such as water» 
charcoal^ acid; water, charcoal, acid; and so on. 

3. The best mode tbat bas yet occurrcd of constnict- 
ing galvanic batteries with charcoal is by means of a 
number of glasses which are made to contain altemately 
nitroas acid and water» and which are connected in 
pairs by means of moistened cloth, The pièces of 

From Jounials of the Royal lostitution, vol. i.] 
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chATcoal used are made ûom verj dense wood, such as 
box or lignum vîtas; and in thia caee the âuids mil 
not penetrate into them by capillaiy attracdon mnck 
beyond the places of their prîmarj contact Theûr 

forms arc ihose of arcs, so tliat each pièce connects to- 
gethor two glasscs ; but in instances wlicre single pièces 
of charcoai cannot be obtained of the proper shape, two 
long and thin slips may be fiistened together by silk, so 
as to fonn the angle necessaiy to their insertion into the 
glasses. 

4. Twenty séries in a battery of this kind prodiice 
sensible but feeble shocks, and wiien a single nietailic 
séries with a gold wire and two glasses of wacer is sub- 
Btituted for one of the prîmarj^ séries, hydrogen is gîven 
ont by the metallic point in the gkss of water in the 
pkce of the add» wkîlst oxygen is evolved ûom the point 
in the other glass. 

5. In the galvanic batteries ynth charcoai, sulphuric 
acid may be substitutcd for intric acid; and solution of 
sulphuret of potash for the water ; without any material 
altération in the natnre of the agency; the solution pf 
the sulphuret indeed seems^ in some measure^ to încrease 
its întensity, and combinations containing tbis substance, 
dense charcoai and conccntrated nitric acid, appcar to 
be su})crior in activity to similar combinations contain- 
ing copper, and the same âuid éléments, and to be 
nearly equal to those compoeed of zinc^ sther and water. 

January 9, 160*2, 
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AN ACCOUNT OF SOME EXPERIMENT9 ON GALYANIC 
ELECTRICITY MADE IN TH£ TUEATHK OF THE ROYAL 
INSTITUTION* 

Tbb sppanttnB employed in thèse experiments was com- 

posed of 150 séries of plates of copper and zinc of 
4 inches square, and 50 of silver and zinc of the same 
size. The me tais were carefully cemcnted into four 
boxes of wood in regular order, after the manner adopted 
bj Mr. Cniickshank, aod the fluid made use of was water 
combined with about -f}^ part of its weîght of nhric 
acid.t 

The shock taken from the batteries in combination hj 
the moisteued hands, was not 8o powerful but that ît 
could be received without any permanentlj disagreeable 
effects. Changes were readilj communicated by means 
of them to coated jaits, and to a batteiy; bat in this 
ease the effects prodttced by the electricity were much 
Icss distinct thau in the case of immédiate application. 

When the circuit in the batteries was coinplcted by 
means of small knobs of brass^ the spark perceived was 
of a dazzling brightnessy and in apparent diameter at 

From Jourjialâ of the Royal Institution, vol. i.] 
t Mesan. Yan llanim et PfidF, Jounal de Chemie par Tan Mons, 
ltt?e attemptcd to Éhow^ that adds an lem efflcadoos tiian miiriate of 
ammomiil in inereaaii^ the power of the pile; bat fheir expertmcnta 
were made with dofha, a case in whidi the séries can onfy be eonstracted 
slowly, and where, when they are munexons, ^te add In Ihose flrst 
formed mast be wholly or in a great measore decomposed, before the 
laat are put together. To thoso ^vho liave been accnstomcd to operate 
with boxes, troughs, or«]flasses in wJiicli tho commnwont'um by the Huids 
is very spcedily effected, there can be no doubt of the su])erlority of the 
nitric aiul miiriatic ncids over muriatc of aTimionia, muriate of soda^ 
and the alkaiies iu iucreaâiug ail the sensible gaivuuic effects. 
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least ^ of an inch. It was perceived onlj at the mo- 
ment ofthe contact of the metals, and it was accompanied . 
by a noue or snap. 

When instead of the metals» pièces of well-bumed 
charcoal were employed, the spaik was still krger and 
of a vivid whitencs?;, an évident combustion was pn>- 
duced, the charcoal rernaîned red hot for some tune 
after the contact and threw oô' bright corruscations. 

Four iuches of steel wire -^^^ of an inch in diameter, 
on being pkced in the circuit bccame intensely white 
hot at the point of connectioni and bumt with gteat 
yividness being at the same time led throughont the 
whole of their extent. 

Tin, lead, and zinc, in thin shavings were fused and 
bumt at their points of contact in the circuit, with a 
vivid ligbt and with a loud hissing noise. Zinc gave a 
blue ilamey-tin a purptish, and lead a yellow âame violet 
at the dicumference. 

When copper leaf was employed it instantly inâamed 
at the edges with a green light and vivid aparks, and 
became red hot througbout the whole of its diameter 
when it did not exceed four incbes. 

Silver leaf gave a vivid light, white in the centre and 
green towards the outline, with red sparks or corrus- 
cations. Platina in thin slips, when made to complète 
the circnit, became white hol^ and entered into fusion, 
and gave scintillations at the edges; butwhether any 
part was converted into oxyde could not be accurately 
determined. 

When gold leaf, attached by gum-water to white 
j)a]>LT was burnt by the sj)ark, the light was of a bright 
yellow and the noise comparatively loud ; the gold was 
converted into an oxyde of a purphsh brown colour, 
which firmly adheied to the paper» and by regolating 
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thc course of the spark hy means of the communicating 
wire, letters and figures were traced by the combustion, 
^liich appeared semi-transparent when ezposed to the 
light. 

When the galvano-electric spark vas taken bj means 
of two pièces of charcoal partiallj corered with cotton, 

the cotton was readily inâamed ; whcther iii its simple 
State, or sprinkled over with resin or sulphur. 

Fulminatinjî mcrcury and gunpowder were deliagrated 
bj means of the communication of charcoal; and hjdro- 
gen and the oompound inflammable gases, were leadily 
made to bum when simply in contact with the atmos- 
phère and to detonate when mixed with oxjgen. 

A iew only of thèse results hâve any claim to origi- 
ualiiy. On the phcnomena of the combustion of boclies 
by galvanism we bave bcen already luruished with many 
striking experiments, by our own countrymen, and by 
the German and French philosophera. And af'ter the 
path is once discovered in researches of this kind, to 
porsue it requires but litde ability or exertion. An 
account of common &cts, under new circumstances, par- 
ticularly when they are accompanied by striking pheno- 
mena, can howcver ne ver be wholly useless; and it 
sometimes gives a novel interest to the subject^ and 
tends to awaken curiosity. 
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ACCOUM OF SOME EXPERIMENTS MADE IN THE LA- 
BORATORY OF THE KO VAL INSTITUTION, RELATING TO 
THE AGENCIES OF GALVANIC ELECTRICITY, IN PRO- 
DUCING HE AT, AND IN EFFECTING CHANGES IN DIF- 
FEKENT FLUID SUiJÎjTANCJiS.* 

L It has been shown» by a veiy interesting experi- 
ment made in France^ by Messes. Fouicroy^ Vau- 
quelioy and Thenard, that the power of galyanic bat- 
teries, containing large plates, to ignite metaDic sub- 
stances, is much greater than that of batteries composcd 
of an eqiial nuinber of hiiiall plates ; though their 
agencies upou water, aad upon the human body^ are 
nearly the same. 

In examining the dicumstancea of the action of a 
galvanic apparatns or trough, constructed in the Royal 
Institution, and containing twenty séries of plates of 
copper and zinc, square, and thirteen inclies in dia- 
meter, I obseryed tliat the sauie relations between 
chemical agency and the production of galvanic elec- 
tricity existed as in other cases. When pure water was 
used for filling the cellsy the sparksy as weli as the 
shocks, were extremely indistinct, and the battery was 
capable of igniting only about a line of iron wire of 
y-l^ of an inch in diameter. With solution of muriate 
of soda it acted better, and dilate nitric acid was still 
more efficacious. With this last substance, it became 
capable of rendering white-hot ihree inches of the 

* [From Journab ot the Boyil lottitutioD, voL i.J 
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ioon wire of -j^j^, and of causing two inches to enter into 
fusion. 

In comparing the e^Tects produced by a solution of 
ni trous acid, of the spécifie gravity of 1*4, in about 

sixty parts of water, with those occasioned by a concen- 
trated solution of carbonate of potash, tîic acid was 
found to produce by much the greater intensity of 
action» which eau hardly be ascribed to any otber cause 
than its chemical agency ; for, with regard to condnct- 
ing power» it appeared very much inferior to the other 
solution. There is eyery reason to believe, that with 
pure water, that is, watcr dcprivcd of air and of all 
saJino substances, no action wouhl be produced in this 
battery. I was unable to ascertuin the fact by direct 
experiment ; but I found rcpeatedly, that a pile, corn- 
posed of thirty^ix séries of square plates of copper and 
zinc, of five inches in diameter^ lost its activity in 
nitrogen and hydrogen gases, in abont two days ; and it 
was constantly restored by commou air, uiid rendercd 
more intense by oxjgon gas. 

2. When the galvanic battery, witli large plates, was 
in fîiU action, it was found that a wire of of an inch 
in diameter, and two feet long^ when placed in the dr- 
cuit, was rendered so bot, as to cause a small quantity 
of water, brought in contact with it, speedily to boil. 
It continued warm for many minutes; and by an 
occasional momentané' interruption and completion of 
the circle, the beat was permanently kept up» When 
thiee or four inches of the wire of ^ ^ were placed in 
any part of the conducting chain, they continued 
red-bot for more than a minute ; and l>y a succession of 
interruptions and contacts, they were kept partîàlly 
ignited for five or six minutes. When that part oi the 
communicating chain containing the small wire was 
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introduced into a small quantitj of ether, alcohol» or' 
oïïf the floid soon became warm; and olive oïl, the 
oDÏj substance tbat was exposed for a safficient tune, 

was made to boil. 

3. Wlien tvvo small pièces of well-buriied charcoal, or 
a pièce of charcoal and a mctaliic wire, were made to 
complète the cirde in water» vivid sparks were per- 
ceived, gas was given out very plentifullj^ and the 
points of the charcoal appeared red-hot in the fluid for 
Bome time after the contact was made ; and as long as 
this appearance existed, elastic fluid was geneiated 
with the noise of ebuUition. The sensible phenomena 
were ncarly the same with the volatile and fixed oils, 
ether, and alcohol ; and bj means of charcoal, the 
spark could be produced in concentrated and sul- 
phuric and nitric acids, which are amongst the beat of 
the less perfect conductors. 

The gases produced from difiêrent fluids by the 
galvano-electric spark were ezamined; and as the re- 
sults were, inmost cases, what might have bcen expected 
fxom theory, the analysls of them was not made with 
very minute attention. 

When water was acted upon bj sparks taken fifom 
two pièces of charcoal, the elastic products evolved were 
about ^ of caifoonic acid, ^ of ozjgen, and the remain- 
der an inflammable gas, which reqoired a little more 
than half its volume of oxygen for its combustion. 
With gold and charcoal, the gold bein^r on the zinc 
side, the gas produced appeared to be clùeiiy a mixture 
of oxyg:en and hydr(^eû, for it dimmished ^ by the 
electric spark. 

The gas diseogaged fi-om alcohol» the spark beîng 
taken by gold connected with the zinc end and chaiw 
«soal» was a mixture of nearly two parts of oxygen and 



Digitized 



GALYANIC BLBCTBICITT. 



217 



eleven parts of inflammable gas, which appeared to be 
light hydro-earbcnate. 

Ether, in the same method of operating, gave four 

parts of oxygen and luelvc parts ot iiithimmable gas. 

From sulphurîc acid, oxyiren, and liydrogeii, were 
produced very rapidly, (the oxygen being more than 
sufficient for the saturation of the hydrogen by combus- 
tion») and the acid became bluc. 

The gas from nitric acid detonated with great tIo- 
lence by the electric spark, and the rendonm waa ozjgen 
mixed with a litde nitrogen. 

The products from tho acids, thcrc is every reason to 
believe, were evolved chiefly in conséquence of the 
décomposition of the water they contained. And, in 
operating upon thèse substances, as well as upon pure 
water^ a portion of the elastic fluid must bave been pro* 
duced at the time of the silent transmianon of the eleo- 
tncity, during the momentaxy interruption of contact 
The apparent ignition of the charcoal in the différent 
fluids depended probably, in some measure, upon its 
being surrounded at the moment of contact by globules 
of gas, which prevented the beat, ])roduc£d at the points 
of it, from being rapidly carhed oïï by the iiuid. 

When the spcu-k was taken by means of iron wires^ in 
phoephorus rendered fluid by beat under a stratum of 
water, permanent gaa was produced from itp but in 
a quantity too smali to he ezamined, aûer a procesa 
tbat continued an hour. I purpose to rcpeat the ex- 
periment with cundiictors of dry ch:ir( oal. 

4. When gold wires, counectcd witli the ends of the 
battery, were made to act upon fluids in the common 
method of communication, being placed at a distance 
from each other» it waa found that the rapidity of the 
évolution of the gasea was much more infliienced by the 
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couducting po^\ er of tbe fluid than it is in cominon 
cases with smail plates. In comparing the action of a 
batteiy of twenty plates, of five inches in cUameter» 
upon sulphuric acid^ nitric acidt and Tarions flaline 
soltttioDfly with that of the large batteiy, it was observed 
in several expérimenta» that the gas was disengaged 
much faster and in larger quantities fiom the wires 
connectcd with the large plates, whikt the action of the 
two arrangements upon water was nearly the same. 
This lact^ oombined with other &ct8 of the same kind, 
seems to show» that the quantîty of electricity excited 
in the arrangements with huge surfaces is moch greater 
than that piuduced in those with small surfaces; and 
that it is capable of passing with facility through the 
more periéct conductors^ wliilst, from the nature of the 
séries^ its circulation is impeded^ comparativelj» to a 
great estent^ by impeifect conductors; a conjectmre 
that bas been alîeady formed by différent philosophers. 

5. As the great quantity of electricity made to cîrcu- 
late through perfect conductors, by means of the larger 
apparatus, increases their afiinity for oxygen more 
periiaps than any known agent, and as cbarcoal by 
means of it can be rendered white-hot» and kept in 
constant combustion in oxygen gas or atmospherical 
air, I thought of trying the effects of the electrical igni* 
tion of this substance upon muriatic acid gas coufined 
over mercurv. 

This cxperiment was made by means of a small glass 
tube»* contsdnîng a slip of platina hermetically sealed 
into it, and having a pièce of cbarcoal attached to ita 
lower eztremity: the communication was effected by 
means of iron wires, and the cbarcoal was made whitc- 
hot by successive contacts continued for nearly two 
* For a description of this apparatos, see p. 
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hooiB» At the end of tfaÎB ttme, tbe mnriatic acid gas 
had diminiBlied a yery little in yolnme; much white 
matter had fimned upon the charcoal, which was not 

sensibly consumcd. When the gas wiis examined, 
three-fourthfl of it were instantly absorbed by water, and 
the remainder proved to be inflammable. The process 
was repeated three times; and when the spark was 
moet vivid, a white cloud was always petceiyed at the 
moment of its production, I am inclined to attribute 
thia phaenomenon» and the other phaenomena, to the 
deoompoeition of tbe water held in aolation in the gas, 
by the charcoal aiitl the mcrcury adhering to it ; and 
the white matter was pro])al)Iy muriate of mercury. 
The acid gases are rapidly absorbed by charcoal ; and 
diia substance, when well made, will take up more than 
thir^ Urnes its yolume of mnriatic add gaa; ao that in 
tiie proceas of ignition a part of the water and of the 
acid muat baye been acted upon in a yery condenaed 
atate. 

The want of success in Lhis experiment, the results of 
which are very similar to those obtained by Mr. Wm. 
Henry in his trials with common electricity, prevented 
me from carrying on the process upon âuoric acid gaa^ 
aa I had at firsi intended. Many of the compound 
gaaea that are decompoaable bj beated charcoal^ might 
probably» howeyer, be analysed in ayeiy simple manner» 
by mcans of the ignition of that substance by galyanic 
electricity ; and this mode of opcrating may be conve- 
niently appîîed, for ascertaininp:; the relations of the 
aiiiaities of charcoal tbr the constituent parts of com- 
pound gasea at yeiy high températures. 
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Apparatus for takxng the gc^m/de-^h^rical spark mfltddi 

and aëriform substances. 

FIg. 1. Fig. 2. 




Fig. 1 represents the apparatus for taking the spark 
in ûuids. A is a tube graduated to grain measures. 
C is a pladna ynie, hermetically sealed into the tube ; 
and hairing a pièce of charcoal attached to its top. B is 
a moveable platina we^ having charcoal at its top ; the 
effect is produced by making the contact between the 
pièces of charcoal. In cases when the fluids are very 
imperfect conductors, the wires xnay be used without 
the charcoaL 

Fig« 2 represents the appaiatus for taking the spark 
in gases; it is used orer mercniy. A and B are the 
communicating platina wires, to which the charcoal is 

^tened ; and C is the graduated tube in which the gas 
is acted upon. 
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L On the formation of galvanie combmaiùnUf eon^poêed 
wholfy ùf animal suhskmùei.^ 

Protcssor AkUiii, the nephew of Galvani, who is at 
présent! iii tliis country, has lately conlirmed the expr- 
riments made long ago by Galvani, Volta, aud othex 
philosopbenf, on the production of muscular contrao- 
donsi by combinations, conmBting whoUy of animiil sub» 
stances^ and has elucidated them by varioiia new fiicts. 

Galvanî prepared a frog in sach a manner, that the 
legs were connccted witli the body, only by mcans of 
the sciatic nerve ; and, in this case, he ibuud tiàe mus- 
cular contractions were produced by biinging. the 
muades of the legs in contact with the upper part of 
the body4 

-Volta havinc!^ laid bare tiie muscles and the sciatic 

nerve in tlic \q\i of a fi"og, just séparât cd irom the 
animal, introtliued them into tvvo vessels fiUed with 
water, in such a manner, that the muscles were in one 
glasB» and the nerre in the other. He connected the 
two glasses together, by means of his fingexs, when a 
stiong contraction ms produced in the limb.§ 

Hnmboldt placed the prepared leg of a very YÎyacious 
frog upon a plate of gla^s, and made a contact between 
tlie sciatic nerve and the muscles of the foot, by mcans 
of a pièce of muscular âesh. At the moment of the 

* [Fram Joanali of the Royal Institation, toI. I.] 
t [The year 1S02.] 

X Hamhokltnir]eQahaiiisne,p^87* 
% Idem, p. â9. 



Digitized by Google 



I 



222 OBflERYATIOro ubiaung to 

contad^ muBciilar acdon was produced, and the ezperi- 
ment was often repeated with suocess.* 

M. Aldini has aiicceeded in causing contractions in 
the limbs of frogs, not onlj by brînging their nerves 

and muscles in contact eacli other, in vaiious 

modes; but likewise by placiug thcm in contact with 
the nerves and muscles of wann blooded animais, just 
deprived of life. One of the most singular of his expe- 
riments is this : of two peisoni^ one holds in fais hand 
the lower muscles of the prepeied leg of a fi«g^ and the 
other touches with his fingers the ' spinal marrow of an 
animal lecendy kîlled. The iiiioccupied > haiids - aie 
moistened and coniiccted with cacii oiiier; and the 
sciatic nerve in the leg of the frog broiight in contact 
\i*ith the bared abdominal muscles of the warm blooded 
animal. At the moment that tbe circuit is completed» 
the leg is agitated bj strong contractions 

In constdering thèse cnrioiis phœnonienéirit is diAcnli 
to account for them> except on the supposition tfaat the 
animât organs are capable, in- certain cases, of exertîng 
an action similar to the me tais, in producing galv anic 
electricity. Li\ ing animal bodies, in fact, foUow the 
metals and charcoal, in the order of their conducting 
powers; they are composed of solids and fiuid& And 
ail the analogies on tbe subject tend to prore, that to 
îona galvanic oomibinatione^ nothing mate is necessaiy 
than the omtact of solids and fluids possessed of différent 
condncting powers, and capable of ezerting chemicd 
action on cach otlier. 

In most cases when muscular contractions are pro- 
duced in animal organs, by the application of an arc 
composed of two metals, or of one métal and différent 
flnids^ the drcidadon of the electricity most he supposed 

* Op. du p. 81. 



Digitized by Google 



THE PBOOBBSS OF OllTAinSM. 



223 



to be dcteimiued bj ibe action of the inoiganic bodies. 
But when contractions aie prodooed by a ûngle métal» 
fwmnwîfaring with the oigana only by meaiii of 
^nlBr^^ tlie impdae of the electricity miist be attribated 
ta Ihe animal sabataiicea; for the aie being nmple, and 
connected at both ends with a similar body, forms only 
one élément of a galvanic combination, of which water 
îs the efficient part: and it can act only as a simple 
condoctor. 

The galvanic power of the artificial animal combina-. 
tW|i|[ia efîdently much feeUer, and more tranaîent than 
li^ÊlUndi Ûm metallic combinatlons ; nlver and imc ^rill 
p i o d iie e cootmctmna in the muscles of a ûog, many 

hours after it bas been insensible to the action of either 
of them separately used : and, in this case, the effect 
must be attribated simply to the passage of electricity 
tbrough the irritable parts; for it takes place whatever 
l|»tlt|ie ibraa «f the application, 

^iA^lAli moaclps and nervea appear to be the excitîng 
parta4v^iaiBial combinationa ; but as yet their atates of 
electricify, wîth regard to each other, hare not been 

ascertained. By Connecting a vcry fecble metallic 
combination, with a very active animal combination, in 
two différent ways, this problem might perhaps be 
aolved. for instance» with an arc of copper and 

* The cxperimeiii on flw pradoetfan of muenlir eontractton, by fhe 
•pfllleatkMk of two portions of water, in contact with a single métal, to> 
the organs, was first made by Galvanî, and conârmed by Aldini and 
Hum>K)ldt. One form of it, which I have several times employcd with 
succès», is this : A pièce of silver is made to connect together two 
glasses, fillcd with pure water ; the leg of a frog, deprived of the skin, is 
■lUpeBded by a Ut of silk, in sueh a way, that the foot and adallo nmo 
an neariy parallcl. On bringing the mnaele in eonteet with ooe portion 
ci water, and tbenenre in eontMt with the ottier, the êontiactioD of the 
Umb le ptodneediF—D. 
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silver^ connected with the nerves aud muscles in the leg 
of a ùog, b j means of water^ the action was much 
strongerwhen the oopperwaa opposite to the musde 
and the silver to the neive, than in the contraiy case ; 
it wou!d be reasonable to conclude, that the nerve bore 
the same relation to the muscle, as the coppcr to the 
silver, i. e. that the nerve was posiUve, and the muscle 
négative, &c. 

Ail the ùcts that we are acquainted with on the snb- 
ject of galvanism^ tend to show, that the sàme substances 
which form simple galvanic combinations, are capable 

wlicii inultiplicd and altcrnaLcd wiih each other, in the 
proper ordcr, of forming a galvanic battery. In conse- 
quence, however, of the susceptibihty of animal sub- 
stances to undergo a change, from the feebleness of the 
action and other circumstances in the experiment jiist 
detailed, it is probable that it will be verj difficul^ if 
not impossible, to accumulate galvanic ^ectricity by 
means of arrangements composed of separate animal 
organs.* In the torpédo and gymnotus clectrirîis the 
electrical instrument is composed wholly of living mat- 
ter, and its activity is related to the gênerai funcdons of 
the animal : and, in the case of the galvanic action of 
thé nerves and muscles of frog9, and warm blood animai 
the effect is apperentlj connected with some remains of 

* I attempted to form a g-alvanic battery, by combinîng in a cireie, 
npon a plate of glass^ ten newly prepared legs of frogs, haviiig the 
sciatie nerve bared, with drops of water ; iu the order of muscle, neirei 
water; anuele, nerve, water^ and ao on : bnt no eflbet waa ptodueed on 
bveakbig or eompletlni; the clnde^ by maani of one of tha logi. Wlwa 
a sflver «ire waa made part of the drele, eontraetlona were prodnced In 
the two legs «hieh were nearost to it ; bnt fhe othe» were not êBéctoA. 
When a little nitrous acid was added to the water, four of the legs 
contracted strongly with the eiWer ; but there waa no cflisct with the 
animal aobstances alone. D. 
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vitality; which, as thefe îb great reason to belîevei 
woold disappear during the time xequired &r fonning 
compooiid galvamc eombinatim. 

n. On the produMmqfnttuculare(miraeii<m8in tke parts 
qf warm blooded animais qfter death by the galvaide 
hattery, 

MM. yaasali, Eandi» Giulio^ aad Rosi*, bave stio- 
ceeded in ptoduciDg contractions in the beart» and 
arterial system» after death bj Connecting them with the 
gal^amc battery. 

The heart loses its susceptibility to the galvanic stimu- 
lus very soon, bul the muscular organs, which are con- 
nected with large nerves, are capable of being made to 
contract for a considérable time. 

By Connecting the pectoral muscles with one endof the 
pile^ and the par vagum and sympathetic nerves, at thek 
origîn» ^th the other end, veiy poweriul muscular action 
was producedf whicb caused the phsenomena of expiration 
and inspiration. On the first vtew of thèse experiments, 
we might be induced to hope for sonic aclvant^iges ia the 
ap|)lic;ition of galvanism in cases of drowniiig, strang* 
iing, àc. ; but when we consider that the contractions 
of moBt of the muscles, the actions of which are sub* 
serrient to the yital functions^ cannot be produced with- 
ont laying bare laige nerves, oor expectations will be 
but moderate. 

TJJL On ihe gahamc batteries, said to beformed withaut 
tike use qf humid substances» 

In No. 9, An. xi. of the Magazine Encyclopédique, 
may be found the foiiowing notice: — 

" M. Guy ton, Member of the National Institute, and 

* Jonnwl de Phyrique» VfmdéinUriirCi An. iL 

I. 5 



Digitized by Google 



236 



OBSBBVATIOirâ HSLATING TO 



Dircctor of the Polytechnic School, read, at the sitting 
of the National înstitute of the 25th of August, a memoir 
entitied, ' licsearches on the ]^ of Volta* by MM. 
Hachette et Desormes^ Proferaor in the Polytechnic 
School 

This memoir contains two important ftcts which 
maj be expected to throw great lîght on the theory of 

electricity. The first is, that an insulated electrical 
cohimn, or Nairnc's electrical machine, insulated, that 
is, communicating; only with the air, is au incxhaiistible 
source of electricity. The second fact is, that many 
diy and solîd subetancei^ such as pure starch, and the 
powder of différent BtlîB, are capable of oecupyîng Ûxb 
place of the moist sahManoe, in the pile of Voila, and 
thal^ in conséquence of thia diieoTery, pilee may be 
fctncÊtô. by the mère anangement €ff àMt&rcnt M^betances, 
which arc cous tant aud almost unchaugeable sources of 
the electrical fliiid." 

It is perhaps impossible to judge accurately of the 
nature of the researcheB of the French experimenterB» 
ftom this ahort notice ; and, conscquently, any obsenra* 
tions upon it may net be foond ap|dic«ble to the memdbr 
it8el£ It may not^ howeveri be improper to aay that 
there is little norelty in the first ùsct It is a new ex- 
pression of a tmth that bas been generally admitted. 

The second fact, the formation of a pile by means of 
solid substances only, would, if confirmed, be of the 
greatest importance in its applications to the theory and 
opérations of galvanic electricity: it would afford a 
strong argument in £eivour of Volta's theory of deetro-^ 
methn^ and it woold go fiir to overtnm the opinion 
conceming the dependence of the circaladon of galvanic 
electricity upon ehemical changes. 

For the purpuse of examiiiiug the re^ultâ of MM. 
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Hachette ànd Deraine% IccMiBtnieted a pile with double 
platoi of copper and nue and dry powder of Btaich m 

itB common state; but when twelve plates had been 
put togcther, in the order of c<>p{)er, zinc, starch, and 
so on, no effects whatever were perceived ; tlie pile pro- 
duced no sensation on tbe tongue» and wires ùom it 
occaaioned no change in vater. 

On ezpoaing a pile> oompoeed of copper» zinc and 
stareh, to the atmosphère in a cold and damp cellar; 
it was found, after two days, to have gained a slight 
deg;ree of power. On moistening the starch with a very 
little water, the electrical action was evolved in the same 
manner as when wet doths were employed. The phne- 
nomena were the same with a combination of silver and 
sine; no effiscts could be produced j&om pure dxy starch. 

It would be unjust to décide conceming the experî- 
ments of the French chemists till the détails of them 
are made known; — but, in tlic présent state of our in- 
formation, we should be inclined to conceive that they 
have been misled by the moisture, which, in common 
cases, adhère yerystrongly to starch» and to manj saline 
substances. 

On exposing a quantitjrof powdered starch to the 

gentle beat of a sand-bath, a considérable qiiantity of 
water was speedily drivcn olf from it. When dry, it was 
a perfect non-conductor of electricity; but after being 
exposed for some hours to a moîst atmosphère» it had 
gained a slight degree of conducting power; which as 
there is eyery reason to suppose» was the conséquence 
of its having absorbed moisture. The salts» the earth j 
substances and the solid vegetable productions, when in 
a state of perfect dry ncss, are, in fect, ail non-conductors, 
and as such it appears impossible that they can form 
éléments of the pile of Vplta. They have» however» 
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màhy of tfaein « rerj atrong attraction for moittare/aiid 
in common caaes wben expoeed to the atmosphère aie 
always more or less saturated with it. I found, some 
time ago, that powdcred steaLite, froin the Lizard in 
Cornwall, in ha crude state, when \ised in a small 
galvanic pile, instcad of the moistened cloth, euabled it 
to act, though very feebly. But afiter having been gentlj 
heated, it was no longer capable of producing the effect; 
and in its diy state, a single stxatum of it, when plaoed 
in anj part of an active pile, was sufficient to disstroy 
tiie circulation of the electricit j. 



AN ACCOUNT OF A N£W EUDIOMBTEB.* 

The depcndcncc of the health and existence of animais 
upon a peculiar state of the atmosphère, and the rela^ 
tions of this state to processes connected with the moet 
essential wants of life, have given interest and import- 
ance to inquiries conceming the composition and pro- 
perties of atmospheric air, 

This elastic flnid bas been long known to consist 
cliiefly of oxygcn and nitrogen, mingled together, or 
in a state of loose combiuationj and holding in solution 
water. 

A variety of processes have been instituted with the 
view of determining the relative proportions of the two 
gases^ but most of them have involved sources of in- 
accuracj; and lately all^ exoept twoj (the slow com- 
bustion of phosphoras and the action of liquid sul* 
phurets) have been generallj abandoned. 

Both phosphorus and solution of sulphuret of potash 

* [Fram Jotniak of llie Royal Initltiitimi, Tol« !.] 
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absorb the whole of the oxygen of atmospherlc air at 
commoii températures, and they do not materially aller 
the volume, or the properties of the residual nitrogen ; 
but their opération is extremely slow; and in manj 
oases it îb diffîcult to ascertain the period at wbich the 
e^riment îs completed 

I have lately employed as an eudiometrical substance» 
the solution of green muriate, or sulphate of îron îm- 
pregnated with nitrous gas; and I have found tliat it is 
in some respects yupenor to many of the bodics hcre- 
tofure iised, as it rapidly condenses oxygen without 
acûng upon nitrogen, and requires for its application 
oolj a verj simple and a veiy portable apparatus. 

TfaÎB fiuid is made by tsransmitting nitrous gas tbrougb 
green muriate, or sulphate of iron, dissolyed to satu- 
ration in water.* As the gas is absoibed, ihe solution 
becomes of a deep olive brown, and when the imprég- 
nation is completed, it appears o}>a<|ue, and almotit 
black. The process is apparently o\vin^ to a simple 
élective attraction ; in no case is the gas decomposcd ; 
and under the exhausted receiver it assumes its elastic 
form» leaving the fluid with which it was combined 
nnaltered in its properties. 

The instruments necessary for aacertaining the com- 
position of the atmosphère, by means of impregnated 
solutions, consist simply of a small graduated tube, 
having it^ capacity di^aded into one hundred parts, and 
greatest at the open end ; and of a vessel for containing 
the fluid. 

The tube afler being fiUed with the air to be ex- 
amined» is introduced into the solution; and that the 
action may be more rapid, gentlj moved fiom a per- 

• Dr. Priestley firat observé thia process ; for a particular accouut of 
it Me ** Researches, Chemical and PMoflophical/' Be9. i. Piv. ir. fitoet. ^ 
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pendicolar tomidi a horixontal position. Undor thèse, 
dioomstanoes the air is lapidly diminîdwid ; and in 
conséquence of the dark colour of the flnid, it is easy to 

discovcr tlu (juantity of absorption. In a few minutes 
the ex])( riiiicnt is compieted, and the whole of the 
oxygen condensed hy tbe nitrouâ gas in the sohition in 
the £onsk of nitrous acid* 

In ail endiometrical procésses with impregnated 80<» 
lutions, the period at which the diminution is at a 
stand rnnst be aocuiatelj ohserved; fiw shortlj afier 
this period, the volnme of the residual gas begins to be 
a little increased, and, after some hours, it will often 
fin a spacc greater by several of the hundred parts on 
tlie sral(^ of the tube thaii that which it occnpied at the 
maximum of absorption. This circumatancc dépends 
upon the slow decomposidon of the nitrous acid (formed 
during the ezperiment) by the green oxyde of iron, and 
the conséquent production of a small quantity ofaërifimn 
fluid (chtefly nitrous gas*) which having no affini^ for 
the red muriate, or sulphate of iron prodnced, is grar 
dually evolved, and nûngled with the residual ni- 
trogen. 

The impregnated soliilion with green muriate is more 
rapid in its opération than the solution with green sul* 
phate. In cases where thèse salts cannot be obtained 
in a State of absohite punty, the common or mixed sul- 
phate of iron may be emplojed* Ohe cnbic inch of 
moderatefy strong impregnated solution is capable of 
absorbing fire or six cnbic inches of oxygen, in common 

* The dceompo^ition of iiitron'' ncid by sointions rontaininfr oxydp of 
Iron at ita minimum of oxydation is a very complt x j n'ocess. The green 
oxyde during ité conY^ion iuto red oxyde, not ouly décomposes the 
«cid, but UkewiBe acte upon the water of Éolation ; anA <^««wM«iiaA j§ 
«mietimM formed, end sinall portknu of nltpooe ox^rde end nl toogen 
erolved wiUi tiie nitioaa gea. 
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processes; but the same quanti^ muAt never be em- 
ployed for more than one experiment. 

A nimibef of compmtive espenments^ made on tbe 
OQMiiMbii of tlie atmosphete al tlie HoMroUt^ Biiatoi, 
w Jvly, Auguste and September, 1%QÙ, mût pihoa- 
plnm% rali^uret» of aBu^es, and imprcgnated so- 
lution, demonstrated the accuracy ut tliu proccsscs in 
"which tli'^ liiéi bu.hbUiin-0 jiioporlv omplovod, The 
diiiiinntious prîvpTi hy ihc ■>ul] iluirets were uideed always 
giealiir by a miaule quanti ty than those prodiiced hj 
phosphoruSj and impregnated solutions; but the rcaaoo 
of tina mû bo obvknia to tkoae who hâve studied the 
^ aobject of endiometry. In no instance was. it found 

tliat 100 parts in volume of air contained more than 
21 of oxygen ; and the variations connected wîth dif- 
frienl winds, and di lièrent states of tempeiuLuic, 
nioîstnro, fkc, wrre too small. anrl too often related to 
accidentai circurnstaiices, to bc accurately nuLieed. 

In analysing the atmosphère in différent places by 
Q^Miia of impregnated solutions, I bave never been able 
to aaoertain any notable différence in the proportions 
of its constituent parts» Air, collected on the sea at 
thér iooaûï of the Sevem, on October the Sd, 1800, 
"which must have passcd over much of the Atlantic, as 
the wind was lilowing strong froiu the wcst, was Ibuud 
to coîuaiti 2\ pcr cent, of oxyrren in voIuiih- ; and this 
waà iieaily iht proportion in air sent from the coast of 
Guinea to^Dr. Beddoes, by two surgeons of LiverpooL 

If we compare thèse résulta with the resolts gained 
moie ihan twenty yean ago by Mr. Cavendîdbi irom 
ezperiments on the composition of atmospheiical air 
made at London and Kensington; considertng at the 
same time the researches of Berthollct in Egypt and at 
Paris, and those of Marti in Sps^, we shall find strong 
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veasomi ibr concludîngi that tbe atmoepheie in ail places 
ezpoaed to the influence <»f the winds» oontains veij 
nearly the same propordona of oxyg<>a and nitrogen, 
a circumatanoe of great importance ; for by teadiing us 

that the différent degrees of salubrity of air do not 
dépend iipon ditr( renées in dio qu intities of it« ]>riii- 
cipal coiJôlitiiriil jtnrt, it on^rbt to induce ujs in iuslïLute 
researclies coucermug the diticreut substauces capable of 
being dissolved or suspended în air^ whîch are nozioua 
to the human constitution; particularly as an aecnrate 
knowledge of their nature and properties "woidd pro» 
bably enable us in a great measure to guard againat^ or 
destroy their baneâil effiscta. 



ACCOUNT OF A blMPLE METHOD OF ESTIMATING THK 

ciiAynF.< <)\ v^^^wr. im^oduced in g ases, by altér- 
ations Ui- ihMPhilAi ( HI^. Wjy OF ATMOSPHEHIC 
PRESSURE, IN THE C0UKJ5E Of CHEMICAL ££P£ai- 
MENTS.* 

It often happens that changes of atmospherical pressure 
and of température take place in the course of experi- 

ments on elastic fluids ; and a knowledge ot dic altér- 
ations tilt j produce in their vol m ne, is cssentiai to the 
proci.-^ion and accuracy of the resuiis. 

in cases where chemical changes are produced, it ia 
impossible to gîiin this know1( dge by direct observation; 
and, in considenng quantities, it is always uaeiul to 
estîmate the volumes of gases at some standard fised 
upon in measures of the biurometerf and thermometer. 

* [Froœ Jonnials of the Royal Institution, toL i.] 
t laroiiier't Eléments, p. 406, âd edit. 
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It is demonstrated \)y \eïy accurate experiments, that 
the volumes of elastic Iluids are invcrsely as the weights 
opmpressing them. And, consequently, the changes 
pfoduced upon guses, bj known changes in the atmo- 
spherical pressure, may be ascertained in a \erj easy 
manner. With regard to the effects of température» 
bowerer^ it is much more difficult to fbrm a just esti- 
mation by means of gênerai laws ; for though the ex- 
cellent expérimenta of Mr. Dalton^"*^ and those of Mr. 

* Manclietter Hemûirs, toI. t. p.fiOO, Mr. Dslton mjs, "I bere re- 
pefttodly fbuid thftt 1000 parts of common air, of the tempemlnre of 55° 

-and common pressure, cxpand to 1321 parts in the nianometer ; to which 
adding 4 parts for the correspondin^ expansion of glass, wo havc 325 
parts Increase «pon 1000 from ôô'' to 212° ; or from 157" of tho thcrmo- 
metric scale. As for the expansion of the intermediute degrees, which 
Coi Boi's experimenti ihow to be a ilowly diminishing one above the 
temperatufe of tiut whieh De Morvean'ei on tiie c<nti«ry, show to 
bea ne^pidfy ineretuêng one in the h^her part of fhe ecale; I am obliged 
to attow that CSol. Bo! le right, tiioogh tt makee, In iome degree, agabut 
an hypotbeato I bave formed relative to the sobject; bat he haa» oer- 
tsiinly, howpver, made the diminution too gjeat from 72" downwards, 
owing to Lis not porccivinp; that he acttially destroyed a portion of the 
elastic flaid he was oj)eratiny npon (aqucous vapeur) in rcducnigits tem- 
pérature so low : if Im air had been previously dried by sulphuric aeid, 
ke. he wooldiiot bave fawod eo remarkaUe a dlmbiutiOB bdow 79^. My 
expérimenta give for 77|* above 56% 167 parts ; tibe nest 77|f* only 
158 parts : and the expansion la every part of the ecale eeema to l>e a 
gradually dhniniBhing one in aecendii^. 

''Die rcevlts of several experiments made v^pm hydrogenous gas, oxy- 
genous g&9, carbonic aoid gas, and nitrous gas, which were ail the kinds 
I tried, agrced with those on corninon air, not only in the total expan- 
sion, but in the graduai dimlnutiou «>1 it in ascending : the small différ- 
ences obsenred never exceeded G or 8 parts on the whole d2ô : and 
dMferaMses to thia amonnt will take plaee in eommon air, when not 
fteed from aqneons tapoor, wUèh waa the situation of ail my ftctitiona 
gaaes. 

■ Upon the whole, therefore, I see no snffieient reaaon wby wenM^ not 

conclude, that ail elmfîc fluids nndcr the same presmre erpand equally 
by heat — and thAtfor any given expanùon mercury, the corretpmd' 
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GaylMBftc flhowthat «U the ditiferentelasdc fluide taken 
at eqnal temperatoveSy ezpand equally by heal^ yet ire aie 
still ignorant of the précise expansion for incréments of 

single degreos, or of the mode in which the form of 
expansion is affected by différence of pressure ; or by 
its relations to aqueous vapour or uncombined moisture. 

The calculatioiis on this subject are consequentlj 
laborious and complicated ; but it is very easj to avoid 
them^ by lecuning to comparative obeervatioiu^ whieh 
may be dbtained in a veiy simple manner» by meana of 
the manometen 

By making a given quantity of air, in contact with 
water at a known température and pressure, a staiidard, 
it is casy, in ascertaininp^ the changes prodiiced in it by 
altérations in the température and pressure^ to deter* 
mine» by the rule of proportion» the changes that hâve 
been produced from the same causes in any other 
quantity of gas submitted to chemical opérations ; or to 
aacertain what would be its Tokune at the mean height 
of the barometer and thermometer. 

In formîng the manometer for the purpose of com- 
parison, a glass tube may be used, about sixteen inches 
long, and onc-third of an inch in diameter, closed at 
one end, and curved in such a manner that its open 
leg is parallel to its closed end» and nearly three indiea 
long. Its capacity is detennined» and its closed 1^ is 
graduated so as to fi»m a scale of 200 parts. The 
standard volume of air is confined in it by a eolumn of 
wuter four inches long ; aud the height of this water is 

ing expansion of ait is proportionabLy something less, the higher the 
température" 

ICr. Oêj Lomêêis vuHuê Ûut dQstetkfi to be fiomlOO to 187-5 betipeai 
aiP and S19P| wUeli giret for each degree betiram tho«e pointe ^ Bee 
AnnaL de Chimie, Nb.lSa. p. 187. 
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kept equal in both legs at the diffBient tîme of obaer- 
Tstion» by means of a glaas tube» moveable in a par» 
forated coile inserted in the open end, and capable of 

elevating the column of water in it at least au inch and. 
half. 

In employing the standard of comparison, for cor- 
recting the résulta of opérations in which portions of 
elastic floids are eitber absorbed or generated, it is onlj 
neceadaiy to recur to the atate of it at the beginning 
and end of the experîment Thus, let n equal the 
quantity of elastic fluid existing after the experîment; 
m the volume of the standard air l^efore the expcriment; 
and V the volume after^ as expressed in the scale of 200 
parts. 

Then^i^s^r whicfa ia the volume the leaidual m 

examined would occupy at auch températures and pres- 
aurea as had been at anj time dénoté upon the acale. 

From the lateat expérimenta that haTe been made»* 
it ia probable that at the aame températures, and under 
the same pressures, equal volumes of the diflPerent 
elastic fliiids, in contact with water contain the same 
quantity of aqueous vapour ; so that in cases when the 
gases examined in the comparative observations are 
cquallj saturated with water, the results must be per- 
fectlj accuxate as to the relation of yolume to the state 
of moiature; and, even snppoông a différence in the 
degree of saturation, the error arinng from this eircum* 
stance, at common températures, would be so small as 
to be inappréciable. 

* ThMe of Samaan «ad De Lue, »ad UH, Deimet and Oement. 
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OBSEBYATIONS ON blFFBRBlIT MBTH0D8 OF OBTAININO 

OALUC ACID.» 

1. The diflcoyerer of the gallic acid» Ûte celebrated 
Scheele, firet obtained it bj sufFering a solution of gall- 

nuts to rcmain long exposcd to tiie aUnobphere.t In 
this case the acid is dcposited ii]>on the sides of the 
vesael containiDg the solution, and upoii the film which 
fonns on the surface ; but its crystals âre of a gieyidi 
brown colour, being mUed with other vegetable matter. 

2. When beat is veiy slowly applied to powdered gall- 
nuts, gallic acid sublimes from them, a part of which, 
when the process is condacted with great care, appears 
in the form of small wiiite cyrstals. This metiiod was 
first employed by M. Deyeux. X I bave often success* 
fully made use of it When the opération is canied on 
in close vessels, Ûie fiist pioduct is a limpid fluid vbkh 
has the properties of a solution of gallic acid in wàter, 
and of which the hist portions are pale ycllow. The 
crystals form in tliat part of the vessel wliei c tlie hcat is 
ju8t sufhcicnt to cause water to boil ; aad the process 
must be stopped at the moment tbat the crystals in the 
lower part of the vessel b^n to melt An Argand's 
lamp may be used for the application of the beat; and 
the silTer stîU ibr caustic alkali is a proper apparatus for 
making the sublimation in. I have found it expodicnt 
to separatc some tannin from tlic prall-nuts, bv iiifusing 
them in a small quantity of water before they are used» 

* [Vnm Joumab of fhe Royal Instltatbn, toL 
i CreIl*B Aanab. 

X Fooicroy, ConnoiiMuioei Clieiiiiqiies,toiii. TiL p. 181. 
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as» in tfais case» there Î8 lees empyremnatie oil produced 

in the distillation. 

3. M. Ficdler has latcî}'^ rccommcndcd a new process 
for preparing thc gallic acid, He mixes together a 
solution of gall-nuts and pure alomine; and he asserts 
tibat after some time> the alumine combines vith the 
tannin and extiactire matter of the gall-nuts; and that 
the gallic acid remains free in the solution, and maj be 
ubtained in crystals bj evaporation.* I have employed 
M. Fiedler's method, but without having perfect success 
in the résulta. After pure alumine and solution of gall- 
nuts had heen suffered to remain together in the cold 
for thiee days, being very often agitated» the filtrated 
Hquor still gave a slight precipitate with gélatine. I 
boiled aboiit hait an ouncc of pure alumine wlth a solu- 
tion obtained from nearly an ounce of gall-nuts ; and in 
this case» I obtained a liquor wliicli gave no precipitate 
with a solution of innglass» or muriate of tin; so that it 
cointained neither tannin nor eztractÎTe matter; but it 
likewise contained Tery litUe gallic acid» for it gave onlj 
a very Mot olîye colour when mîxed with a solution of 
oxygcnated sulphate of iron. By boiiing together a 
solution of gall-nuts and carbonate of alumine, procured 
from the décomposition of aluui by carbonate of potash» 
I obtained a dear liquor fiée ârom tannin and extractiTe 
matter» which gave a deep black colour ^th oxygenated 
sulphate of iron, and which» when evaporated» fumished 
a mass of white opaque crystals. I suspect, however, 
that thèse crystals contained as well as gallic acid â 
smali portion of alumine ; for» when dissolvcd in distilled 
water» they rendercd cloudy a solution of ammoniac. 

4. I have Ibund that when carbonate of barytes ia 
boiled for some time with a solution of gall-nuts it affoids 

* Yan Mous's Journal, tom. i. p. 8ô. 
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a blue green liquor whidb appean fipm the oomikion 
tests to eontain neither tannin nor extnict When 

(iiluted sulphuric acid is dropped into the green liquor, 
it becomerf turbid, sulpbate of barytes is deposited; and 
after filtration il tiie saturation of the earth be pcrfect, a 
colourless solution of gallic acid apparently pure is 
obtained. AU the alkaiine eartha, whether pure or 
saturated wîth carbonic acid» htere, as I haye fiiimd hj 
▼arious ezperiments» astrong attraction fot taBnin; and 
are capable of combîning with a certain quantity of 
extractive matter. Wheu a pure earlh is made to act 
upon gallic acid, a sait is procured liaviog an excess of 
base and nearly insoluble ; but when an earth, combined 
wîth carbonic acid, is exposed to the agencj of gallic 
acid» the sait fonned is solable» and seems to possess an 
excess of acid. 

5« Of tbe différent methods that bave been described, 
that of M. Deyeux is nndoubtedl j the most sîmpje and 
least expensive. The process with carbonate of barytes 
may, hovvever, be sometirnes cniplyyed with advantage, 
particularly in cases where gail-nuts bave been previously 
liziviated ibr the purpose of obtaining tannin. Theie 
is yery Uttle mucilage in gall-nuts ; in cases, bowever, 
wben the présence of it is suspected in gallic acid^ tbia 
flybstaDoe maj be fieed fiom it, by being dissolyed in 
alcdiol and then evaporated. When in processes of 
evaporation, gallic acid is coloured, by being pardally 
decomposed, a cle^ir solution of it may be again obtained, 
by me ans of ether, which dissolves the acid without 
acting upon the oolouring matter. This last process is, 
bowever, too expensive to be commonly applied; and 
tt dtoold be used only in cases wben an acid is reqtiired 
absolutely pure» 
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AK ACCOUNT A MBTHOD OF Ot/TAININQ THB BAIM 
OP IBON AT THB MINIMUM OF OXYDATION.^ 

The sulphate, muriate, and acétate of iron at tbeir 

minimum of oxydation, may be obtaincd in a vcry casy 
mai mer, by means of thc artificial sulphurct of iron« 
When artificial suiphuret of iron is acted iipon by mu- 
liatic acid or sulphurîc acid in a state of dilution^ or 
acetous acid, the sulphutetted hjdrogen gas» diaeng^g^ 
duTÎng the process of solution, prevents any hypcroxy- 
genated sait from being formed bj tbe action of the 
atmosphère ; and a clear fluid in ail cases of a bhade 
of green, is obtained, which when freed by beat from 
any sulphuretted hydrogen dissolve d in it^ gives a per- 
fectij white precipitate with the alkaline prussiates, and 
is not ifonnd to aller the colour of solution of galls, 

To fbnn the least oxygenated nitrate of iron by 
means of the artificial suiphuret, an acid of a spécifie 
gravity not greater than 1*12 must be used, and the 
solution must be made without the assistance of heat. 
Afler having bcen freed from sulphuretted hydrogen by 
being boiled for a minute or two, and then filtrated, it 
is fbund similar in its colour and phjsical properties 
to the weakest solutions of thé other oxygenated salts. 

When the sulphate and muriate of iron, at the 
minimum of oxydation, are obtained in tlie solid form 
bj evaporation from their solutionsy they appcar in 
v^lar ciystalsy which in ciach sait are a dififerent shade 
of a very pale green colour ; their tastes are exaetlj 

[* From Joiirnals of tlie lUigral lottitation^ ToL i.] 
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simîlar, being astringent^ and leaving in the mouth the 

sensation of sweetneSvS. 

The least oxygenated nitrate of iron cannot easily be 
procured pure in the crystallizcd state, for when the 
solution of it is heated ibr any length of time^ a new 
arrangement of its principles takes place ; portions of 
tbe add and of the water of the solution are decom> 
posed; in conséquence of which ammoniac is fbnned, 
and an oxygenated nitrate of iron witli excess of base is 
deposited. 

Amongst the salts of iron at the minimum of oxy da- 
tion, I have found the muriate tlie most convenient for 
exhibiting the expérimenta of Proust, and in eudiome- 
trîcal processes with nitroiis gas (page 230). It is more 
Boluble in water than the sulphate^ and rerj much more 
sohible in alcohoL 



AN ACCOUNT OF A METHOD OF COPYIiVG PAINTING9 
TJPON GLAS9, AND OF MAKING PROFILES BY THE 
AGENCY OF LIGHT UPON THE NlTILiTE OF SILVER. 
IXVENTED BY T. WEDGEWOOD, ESQ. ViUH OBSERVA- 
TIONS BY H. DAVY.* 

Whtpe paper, or white l^ather, moistened with solution 
of nitrate of sih'er, undergoes no change when kcpt in 
a dark place ; l>iit on heing exposcd to the driylitiht it 
speedily changes coiour, and after passing through dif- 
férent shades of grey and brown^ becomes at length 
nearly black. 

* [Fiom tiie Jouinals of th« Boy«l Inititutioii, toL L] 
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The altérations of colour take place more speedilj in 
proportion as the lîght is more intense. In the direct 
beams of the son, two or three minutes are suffieient to 
produce the ftill effect. In the shade, several hours are 
requircd, and light transmittcd throiigh différent cDlonred 
glasses acts iipon it with ditiereut degrces oi intensity. 
Thus, it is found that red rays, or the common sua- 
beams passed through red glass hâve very little action 
upon it; yellow and green are more efficacious» but 
bine and violet light produce the most dedded and 
powerftd effects.* 

The considération of thèse facts enables us readily to 
understand the method by which the outlincs or shades 
of paintin<rs on glass may be copied, or profiles of 
figures procured bj the agency of light when a white 
surface covered with a solution of nitrate of silver is 
placed behind a painting on glass exposed to the solar 
light; the rajs transmitted through the differentlj 

* The fiuls abore^mentioiierl are analogous to those obserred long ago 
by Scheele, and conflnned by Senebier. Scbeele found tliat in the pris- 
matic spectnim, the effect pmduccd by tlio red ray» upon rmirifite of 
silvor was very fuint and scaroely to be j)erceived ; whilst it was t^peedily 
blackened by the violet rays. Seiiebier states that tlm time rcquircid to 
blacken muriate of silver by the red rays i» twenty minutes, by the 
orange tvrelve, by the yellow flve minutet aad fbirly tcoondt, by fhe 
gfeen thirtj'flmii Mconâs, 1^ tbe blue twenty-nine ieeonds, and by Hm 
▼iolet only flfteem i«eoDd0.-i-Sfiiiebtor nir la liuuJan^ toI. ffî. p» 190. 

Some new expeiUpenta bave been Intely madc in rdatioo to tbis sub? 
jcct, in conséquence of the discovcries of Dr. Herschel conceming the 
invisible, heat-making raya existing in the solar boanig, by MeS8n.IUtter 
and Buckman in Gcrmany, and Dr. Wollaston in Knfçiand. 

It bas been ascertained, by experiraents upon the prisniatic spectrum, 
that no effects are produced upon the muriate of silver by tlie invisible 
heat-making rays wliieh ezist on fhe led nde, and whidi are least refraa- 
glble, though it ia powerflilly and distinctly aflteted in a apace b^ond 
tiie violet nya> oa.t of tiie visible boinidary v— 8ee Annalen der FbyaiK 
Siebenten, Band £87, 
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painted siuftcesy produce distinct tiata of brown or 

Jblack, scnsibly difiering in intensity accordin*» to the 
shades of the picture, and where tlie light iâ unaitered 
the coiour oi the nitrate becomes deepest. 

Wbeu the shadow of any figure is thrown upon tlie 
prepared sai&ce» the part concealed bj it lemains 
wfaite» and the other parts speedilj become daik« 

For copying paintings on glaas the solation ahould be 
appHed on Icather; aiul in this case it iâ more readilj 
acted upon than wheu paper is used. 

Al'ter the coiour has heen once hxed upon the leather 
or paper, it cannot be removed by the application of 
vater, orwater and 8oap, and it ia in a faigb degree 
pennanent. 

The copy of a painting, or the profile inunediately 
aftcr beinnr taken, must be kept in an obscure place. It 
may indeed be examined in the shade^ but in this case 
the exposure should be onlj for a few minntea; by the 
light of candies or lamps^ as commonly employed» it is 
not commonly affected. 

No attempts that hâve been made to preyent the 
nncoloiuc'ci parts of the copy, or profile, iioiu being 
acted upon by light, have as yct ])een suceessful. They 
have been covered with a thiu coating of fine vamish, 
but this has not destrojed their susceptibility of becom* 
mg coloored; and eyen after repeated wadhings, suffi* 
cîent of the active part of the saline matter wiU still 
adhère to the white parts of the leather or paper, to 
cause them to become dark wheu exposed to the rays 
of the Bun. 

Bcsides the applications of this method of copjing 
that have been just mentioned, there are manj others. 
And it will be usefbl ûat making delineations of ail such 
objecta as are possessed of a texture partly opaque and 
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partly transparent. The woody fibres of leaves and the 
'w iiiixs of insccts, inay be pretty accurately represented 
by rncaiis oi it ; and in this case« it iâ only necessary to 
cauâe the direct soIat light to paœ through them and to 
receive the shadows upon prepured leather. 

When the solar rays are paued through a print and 
thrown upon prepared paper, the unshaded parts are 
slowly copîed ; but the lights transmitted by the shaded 
parts are seldom so definite to form a distinct resem- 
ttlaace of them^ by producing différent intensities of 
colour. 

The images formed by means of a caméra obacura^ 
hâve been found too faint to produce m any moderato 

time an effect upon the nitrate of silver. To copy thèse 
imafîes was the first objcct of Mr. Wedgewood, in his 
researches on the subject, and for this purpose he first 
used the nitrate of silYer» which was mentioned to him 
hj a iriend, as a substance veiy sensible to the influence 
of light; but aU his numerous experiments^ as to their 
primary end, proved unsuccessfuL 

In following thèse proccvsses, I liave found that the 
images of small objects, produced by moans of the solar 
microscope» may be copied without difficuity on pre- 
pared paper. This will probably be a useful application 
of the method; that it maybe employed successAilly» 
however, it is necessary that the paper be placed at but 
a small distance froia tiie lens. 

With regard to the préparation of the solution, I have 
found the best proportions those of one part of nitrate 
to about tea of water. In this case» the quanti tv of the 
sait applied to the leather or paper will be suffîcient to 
enable it to beoome tinged» without afifecting its compo- 
sition or injuring its texture. 

lu compaxing the effects produced by light upon 

M 2 
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inuiiate of silvcr with those pruduced upon the nitrate, 
it seemed évident that the muriate wa^ the most fius* 
ceptible, and both were more readily acted upon when 
moist than when diy^ a £act long ago known. £yeii in 
the twilight, the colour of moist muriate of sîlver spread 
upon paper, slowly changed from whîte to feint violet ; 
thougli under similar circumstances no immédiate altér- 
ation was produced upon the nitrate. 

The nitrate» however, £rom its solubility in water^ 
possessea an advantage over the muriate ; though leather 
or paper may, idthout much dîfficully» he impregnated 
with this last sabstance, eîther by difiiising it through 
water, and applying it in this form, or by immersing 
paper m()isi< ned with the solution of the nitrate in very 
dilutcd luuriatic acid. 

To those persons not acquaînted with the properties 
of the salts containing os^de of silver^ it may be useiul 
to State that they produce a stain of some permanence, 
evcn when momentarily applîed to the skin, and in 
emplo} ing them for moistening paper or leather, it is 
necessary to use a pencil of hair or a bnish. 

From the impossibility of removing by washing, the 
colouring matter of the salts from the parts of the 
surface of the copy which hâve not been exposed to 
Hght ; it is probable that both in the case of the nitrate 
and muriate of silvti, a portion of the metallic oxyde 
abandons its acid to enter into union with the animal 
or vegetable substance» so as to form with it an insoluble 
compound. And, supposing that this happens, it is not 
improbable» but that substances may be found capable 
of destroyîng this compound either by simple or com- 
plicated affinities, Some experiments on this subject 
havc been imagined, and an account of the results of 
them may possibly appear in a future number of the 
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Jotumals. Nothing bot a method of preventing the 

unshadcd j)art8 of the delineation from beîng coloored 
by exposure to the day, is wanting to render the pro- 
cess as useful as it is élégant.* 



SOME OBSERVATIONS UPON THE MOTrovs OF 9MALL 
PIECES OF ACETATE OF POTASH, DUHkNU TUEIB SOLU- 
mON, UPON TUE bUIU'ACE OF \VATER,t 

In dissolving somc acétate of potash in distilled water, 
I accidently observed ihat some of the sniall pièces of 
that hght and scaly sait which floateci upou the surface 
of the water wcrc Jigitated hy very siogular motions 
dniÎDg the time of their solution ; thèse motions were 
wiy imgnilar» The fragments sometîmes leTolved for 
a second or two^ and then moyed rapidl j backwards and 
forwards in Tarions directions. 

The phœnomenon was evidently connected with the 
rapidity of the process of dissohition, for as the water 
became satnrated with sait, the motion became gradually 
weaker, and at last ceased altogether. The thinnest 
film of oiHf or of ether, wholly destrojred the effect» and in 
sevenil cases it did not take place^ when the water that 
had been exposed to the atmosphère^ and on which some 
dust had probably been deposited vas employed, or 

* [Beeenfly fbiB metbod of ddineatkm ha» lieen fîaiher enltivated, 
egpeàBHj by Mr. Talbot in fhis countiy; and it vould «ppear with 
etMurfdenible aneoew. An âccount of the " Art of Photogenic Draw- 
inrr*' by this gentleman may be Ibnnd in the Athensumof tiie 9th 

feb. 1839.] 

i [From Joumals of tbe Royal Institutiony vol. i.] 
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when a vesâel, that had not been accurately cleaned 
was used. 

ThoBe pièces which were most irregular in thdr 
forms underwent hj ûur the most rapid motions^ ùom 
which it -would appear that the phœnomenon was in some 
measure ofwing to changes in their centre of gravity, 
during the solation. The projectile motions, probablj, 
chiefly depended upoii tlie continuai descent of a cur- 
rent of solution of the sait in water from the agitatcd 
particle, in conséquence of which^ the surrounding 
water would press upon différent parts of it with dif- 
férent degrees of force. T found, by means of a mercu- 
rial thennometer, that the solution of acétate of potash 
in water^ is connected with an increase of température ; 
and it is not improbable that thb circumstance, maj in 
some measure modify the effect 



AN ACCOUNT OF SOMK EXPERTMENTS AND OBSERVA- 
TIONS ON THE CONSTITUENT PARTS OF SOME ASTRIN- 
GENT VEOETABLES; AND ON THEIR OPERATION IN 
TANNJNG.* 

Tafi discovety made by M. Seguin, of a peculiar vege- 
table matter which is essential to the tanning of skin, 

and which is possessed of the property of precipitating 
gélatine from its sohitions, has added considcrably to 
our knowledge of the constituent parts of astringent 
vegetables. 

Mr. Proust has investigated many of the properties 
of this substance ; but, though his labours, and those of 
other chemistSy hâve led to various interesting observa- 

[• From Phil. Tmas. for léOÔ.J 
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tioiua^ yet they axe &r firom haviiig exhausted tbe sab» 
ject The affimties of taonin have been hitfaerto very 
litde ezamined; and tbe manner in wbicb its action 

npon animal matter is modified by combination witli 
otber substances, bas bccn scarccly ai m 11 bludicd. 

At ilic désire of the managers of tlie iioyal Institution, 
I begao^iu September, 1801, aseriesof expérimenta on tbe 
sabatancea employed in the procesa of tanning, and on 
the chemical agencies eoncemed in it Thèse expéri- 
menta baye occapied, evcr since, a conmdetable portion 
of my leisure bours ; and I now présume to lay bcfore 
the Royal Society an account of tbeir gênerai resuhs. 
My chief design was, to attempt to clucidate the prac- 
tioed part of tbe art ; but, in pursuing it, I was necessarily 
led to gênerai chemical inquiries conceming the analysia 
of the différent Tegetable subatances containing tannin, 
and theLr peculiar properties. 

1. OàMervtUunu m ^ Afudyns qf AâtringeiU Vegetabk 

Infusîatu, 

The substances that have been supposed to exist most 
generally in astringent infusions are tannin, gallic acid, 
and extractive matter. 

The présence of tannin in an infusion, is denoted 

by the precipitate it forms wîtb tlie solution of glue, or 
of isinjsrlass. And, wben tliis principle is wholiy sepa- 
rated, il' the remaining liquor gives a dark colour with 
the oxygenated salts of iron, aad an immédiate precipi- 
tate mth the solutions of alum and of muriate of tin, it 
ia believed to contain gallic acid, and extractive matter» 
The expérimenta of MM. Fourcroy, Vauquelîn, and 
Seguin, have sbown tbat many iistringent solutions 
undergo a ciiange by exposure to tbe atmosphère ; an 
insoluble matter being precipitated irom them. A 
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précipitation is likcwise occasioiied in them by the 
action of hcat ; and thèse circinnstances rcnder it dif- 
ficult to ascertaia^ witli aaj degree of précision, tlie 
quantities of their constituent parts, as thej exist in the 
primitive combination. 

. After trying several experiments on différent methods 

of ascertaining the quantity of tannin in astringent infu- 
sions, J was induccd to eniploy the common process of 
précipitation by j^elatine, as being the most accurate. 

This process» however, requires many précautions. 
The t^«^«»"g principle in différent yege tables, as wîU be 
seen hereafter, deoiands for its saturation différent pro- 
portions of gélatine ; and the quantiQ^ of precipitate 
obtaîned by filtration, is not always exactiy proportional 
to the quantities of tannin and gélatine in solutions, 
but is influenced by the degree of thcir concentration. 
Thus, 1 fouud that 10 grains of dry isinglass, dissolved 
in 2 ounces of distilled water, g&ve» vith solution of 
galls in excess» a precipitate weîghîng, when dry» 17 
grains ; ifvhîlst the same quantity, dissolved in 6 ounces 
of water, produced, ail othcr circumstances bcing 
similar, not quite 15 grains. With more diluted solu- 
tions, the ioss was stili greater ; and analogous eôects 
took place, when equal portions of the same solution of 
isin^ass vere acted on by equal portions of the same 
infusion of galls diluted in di£Serent degrees with 
water; the least quantity of precipitate beîng always 
produced by the least concentrated li(|uoi. lu ail cases, 
when the weak solutions ^vere used, it was observed, 
that the residual fluid, though passed two or three times 
through the filter, still remabied more or less turbid 
and opaque ; so that it b most likely that the deficiency 
arose ftom the continued suspension of some of the 
miiiutely divided solid matter iu the liquid mass. 
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The solutions of gélatine, for the purposes of analysis, 
should be empluveti only when quitc frcsh, and m us 
high a State of saturation as is compatible with thcir per- 
fect fluidity. I bave observed^ that in cases when they 
approach towards the state of jellj^ their power of 
acting upoQ taiiDm is materially altered, and they pro- 
dace only a very sligbt precipitadon. As the dcgrce of 
fluidity of solutions of gclatinc is influenced by tbcir 
temporalnrc, I bave found it expédient, in ail coin|>aiii- 
tive expérimenta, to bring tbem and tlie astringent 
infusions on which they are desîgned to act, as nearlj' 
*as possible to a common degree of heat. My standard 
température has been betw«en 6QP and TO'^ Fahrenheit ; 
and the solutions of gélatine that I have used, were 
madc by dissolving 120 grains of isinglass in 20 ounccs 
of water. 

In ascertaining the proportions of tannin in astrin- 
gent infiisionsy great care must be taken to prevent the 
présence of any excess of gélatine; for^ when this 
excess exists» I have found that a small portion of the 
«oUd compound fbrmed is re-dissolred, and the results 
vï tbe expcriments otberwise afFected. If is not diffi- 
cult to discover the précise point of satnration, if tlic 
solution of isinglass be added only in small quantities 
at a time^ and if portions of the clear liquor be passcd 
thiough a filter at différent periods of the process. The 
properties of thèse portions will îndicate the quantities 
of the solution of gélatine required for the completiou 
of tbe experiments. 

That tbe composition ol' any precipitate containing 
tannin and gclatinc may be known with a tolcrable 
degree of précision, it is necessary that the isinglass 
employed in the solution, and the new compound 
formed, be brought as nearlj as possible to the same 

M 5 
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degvee of diyness. For this purpose, I hare generallj 
expœed them, for an equal time^ upon the lower plate 
of a sand-bath» which was aeldom heated to more than 
150^. Thb method I hâve found much better thaa 
that of drying at the temperatureg of the atmosphère, as 
the différent states of the air, with regard Lo muibLare, 
materially influence the results. 

Mr. Hatchett has noticcd in hîs excellent paper, on 
Zoopbytes, that isinglass is almostwhoUjcomposed 
of gélatine. I hâve found, that 100 grains of good and 
diy ÎBÎnglass oontain rather more than 98 grains of 
matter soloble in waten So that, when the quantity of 
isinglass, in any solution emplojed for acting upon an 
astringent infusion, is compared with the quantity of 
the precipitate obtained, the différence between them 
will indirate the proportion of tannin^ as it exists in the 
combination. 

Aûer the tannin has been separated from an astrin- 
gent infusion^ for the porpose of ascertaining its other 
oompoDient parts» I have been accustomed to evi^xinite 
the reaidual liquor very slowly, at a temperatore below 
200'".t In this process, if it contains extraetive matter, 
that substance is in }>art rendered insoluble, so as to fall 
to the bottom of the vessel. When the Iluid is reduced 
to a thick consistence, I pour alcohoi upon it. If any 
gàllîc acid, or soluble extractive matter be présent, they 
will be disBolved, ailer a little agitation, in the alcohoi ; 
whilat ÛsB mucilage, if any ezist, will remain unaltered, 

* Phil. Trans. for 1800. p. 327. 

t M. Deyeux has shewn (Annales de Chimie, tom xvii. p. 36.) that 
In làe prooew <»f erapontiog Bolnttons of galls^ no gallic add !• oarried 
orer by tbe wftter, ttk a temperatuie békm that of ebutUtton. Maay 
astriagoit infiiaioDS, liowavcr, loie a portion of tkût aromatiks prine^Ie, 

cven in caaes when they are not made to boll j but tSris substance, tbough 
evideut to tlie smcll, in tbe water Ibat comes over^ eaanot be detected 
by Chemical reagents. 
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and may be sepazated from the insoluble extncty by 
lisiviadon with water. 

1 have Iliade niany cxperimcnls willi tlic hope of dis- 
covering a metliod by which the respective quantities of 
gallic acid and extractive matter, when thej cxist 
in solution in the alcohol, may be ascertained; but 
without obtainizig success in the résulta. li is impôt» 
flîble to render the irhole of any quantîty of extracdTe 
matter insoluble by exposore to beat and air, witbout at 
the aame time decomposing a portion of the gallic acid. 
That acid canuot be subliincd, without being in part 
destroyed; and, at the température of its sul liinaLion, 
extractive matter is wholly convcrtcd into new products. 

£ther difisoives gallic acid ; but it has coniparativeiy 
little action upou extractive matter« I have been abie» 
in examining solutions of gaUs, to separate a portion of 
gallic acid by means of ed^er. But^ when tbe extnc* 
tÎTe matter is in laige quantifies, this method does 
not succeed, as in conséquence of that affinitj which is 
connected with mass,* the greater part of the acid con* 
tinucs tu adhère to the extr;u-t. 

Alumine has a strong attraction &x extrac t i vx matter ; 
bot compacadvely a weak one for gallic acid.t Wben 
cacbonate of alumine is boiled for some time witb a 
solntion oontaining extractive matter, tbe extractive 
matter is wholly taken up by tbe eartb, with which it 
fbrms an insoluble compound; but, into this compound, 
some of the gallic acid appcars likewise to enter; aiid 
the portion rcmaining dissolved in the solutioii is always 
combined with alumine. 

I have not, in any instance, been able to sepaiale 

* See Berthollet's Récherches, sur les Lois de Taffinité. Mem. de 
l'Institut National, tom. ili. p. 5. 
t See nedler. JcwBtldeCliiiBicyptr J. B. Tia-Mom, tom. I. p. a& 
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gallic acid and extractive matter perfecdy fixnn each 
other ; but I hâve generally endeavonred to form some 

judgment conccmin^ their relative proportions, by 
means of the action of the salts of alumine, and the 
oxYgenatcd salts of iron. Muriate of alumine préci- 
pitâtes much of the extractive matter from solutions» 
without acting materially upon gallic acid; and» after 
this precipitadon» some idea maj be formed concem- 
ing the quantity of the gallic add, by the colour 
ît gives with the oxygenated sulphate of iron. In this 
process, however, great care must be taken not to add 
the solution of the sulphate of iron in excess ; tbr, in 
this case, the black precipitate formed with the gallic 
acid ivill be rediasolved, and a clear oliTe^colomed fiuid 
only will be obtatned, 

The saline matters in astringent infusions, adhère so 
struuglj lu ihc vegcta!)lc principlcb, ihaL il is impossible 
to ascertain their nature ^\ iih any degree of accuracy, 
by means of common rcagcuts. By incinération of the 
products obtained from the evaporadon of astringent 
infusionsy I hâve usually procured carbonate of lime 
and carbonate of potash* 

From the différent analyses, as will be seen from the 
results given in the following sections, I have attended 
cilié fly to the proportions of the tanning principle, and 
of the principles precipitable by the salts of iron, as 
being most connected with practical applicadons. 

Widi regard to die knowledge of the nature of the 
différent substances, as diey exist in the primidve 
astringent infusion, we can gain, by our artifi<nal me* 
thods of examination, only vcry imperfect approxmia- 
lions. In acting upon them by reagents, we probably, 
in many cases» alter their nature ; and very few of them 
oniy can be obtained in an uncombined state. Tlie 
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comparison, however, of thc }>r(HliK ts t>f différent ex- 
periments with each other, is always connected with 
some useful conclusions; and thc accumulation of facts 
with regard to the subject mnst finally tend to elucidate 
this obscure bat most interesdng part of chembtry. 

2. Expérimenté on the Infusion of GalU. 

I havc bcen vcry niucli assisted in iny inquirics con- 
cemiog the propcrties of the infusions of galls^ bj the 
able memoir of M. Deyeux, on galls.* 

Tbe strongest infosion of galls that I oould obtain, at 
56^ Fahrei^eity bj repcatedlj pouring distilled water 
apon the best Âlej^po galls broken into small pièces, 
saflFering it to romain in contact with them till the 
saturation wa,s complète, was of spéc ifie gravîtv l'OfiH. 
Four huudred grainâ of it prodiiccd hy évapora- 
tion at a température below 200°, fifty-three grains 
of solid matter ; which, as well as I could estimate hy 
the methods of analysis that bave becn just described, 
consisted of about nine-tenths of tannin, or matter pre- 
cipitable by gélatine, and one-tenth of gallic acid, uaited 
to a minute portion of cxtractive matter. 

One hundred grains of the solid matter obtaincd 
fiom the infusion, lefl, after examination» nearly 4f 
grains of ashes» which were chiefly calcareous matter, 
fflixed with a small pordon of fixed alkalL The infu- 
sion strongly reddened paper tinged with litmus. It 
was semi-transparent, and of a yellowisli brown colour. 
Its taste was highly astringent. When sulphuric acid 
was poured into tbe infusion, a dense whitish precipi- 
tate was produeed ; and this efkct was constant, what- 
erer quantity of the acid was used. The residual 
liquor, when passed through the Glter, was found of 
a shade of colour deeper than before. It precipitated 

* Annales de Chimie^ tom. xvU. p. 1. 
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gélatine, and gave a dark colour with the oxjgenated 
sulpliate of iroD. 

The solid matter remaining on the filter slightlj led- 
dened yegetable blues; and whea dissolved in warm 
water^ oopiously pi^ipitated the solutions of isinglaaa» 
Mr. Proust,* who firet paid attention to its properties, 
supposcd that it is a compouiid uf the acid with tannin ; 
but I suspect that it also contains gallic ucid, and pro- 
bablj a smail portion of extractive matter. This last 
substance, as îs well known, is thrown down from its 
solutions hj sulphuric acid ; and I found^ in diatiUing 
the precipitate from galls bj sulphuric acid, at a beat 
above 212°, that a fluid came over of a bright yellow 
colour, whick was rcndered black bj oxyfj^eiialed sul- 
phatc ul iron ; but which was not alteied hy tçelaline. 

Muriatic acid produced in the infusion eÔécts anaiar 
gous to those produced by sulphuric acid; and two 
Gompounds of the acid and the yegetable substances 
were fonned: the one united to ezcess of acid» which 
remained in solution; the other containing a consi- 
dérable quantity of tanmn, which was precipitated in 
the solid form. 

When concentrated nitric acid was made to act upon 
the infusion, it was rcndered turbid ; but the solid mattor 
fiwmed was immediateiy dissolved with efiervescenoe» 
and the liquor then became dear and of an «Hrange 
colour. On examîning it, it was found that both the 
tannin and the gallic acid were destroyed ; for it gave 
no {irecipitate,cithcrwith gélatine or the saltsof iron,eveu 
after the residual nitric acid was saturated by an alkalL 
Bj evaporation of n portion of the fluid» a soft suh* 
stance was chtained» of a yeliowish brown oolour, aad 

* The fact of tlie précipitation of -nluliou of ^]\s bv acida was no- 
ticed by M. Dké. bee Annales de CLiiaie, toin. xxxv, p. 
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of a siighdy sourish taste. It was soiuble in water, and 
precipitated the nîtro-miiriate of tin* and thc nitrate of 
aimnine ; ao that its properties approoched to tfaose of 
ettiBctîye matter; and it probablj contained ozalk 
acid^ as it rendered toxbid a solution of muriate of limew 

When a rery weak solatton of nîtrîc acîd 
with the infiL-^ion, a permanent ])rcci])it;ite was tormcd ; 
and the residua] li(|nor, exaniincd bj the solution of 
gélatine, was found to contaiu tauum. 

A solution of pure potash was poured into a portion 
of the infusion. At first, a faint turbid appearance was 
perceived; but» by agitation^ the fluid became dear» 
and its colour changed firom jellow-brown to brown- 
icd; and this last tint was most TÎvid on the surfiu;e, 
where the solution was exposed to the atmosphère. 
The solution of isiuglass did not act upon the iiU'usion 
modifîed by tlic alkali, till an acid was added in excess^ 
when a copious prceipitation was occasioned. 

Tbue oompound of potash and solution of galls, when 
evaporated, appeared in the form of an olive-coloured 
mass, which had a fidnt alkaline taste, and whîch slowlj 
defiquesced when exposed to tbe air. 

Soda acted upon in the inftision in the same manner 
as potash ; and a iiuid was fonned, of a red-biuwii 
colour, which gave no precipitatc to gehithie. 

Solution of ammonia produced thc same colonr as 
potash and soda, and fonned so pertect an union wiUi the 
tannin of the infusion, that it was not acted upon by 
gélatine. When the oompound liqnor was exposed to 
the heat of boilîng water, a part of the ammonia flew 
off, and another part reacted upon the infusion, so as 
to effect a material change in its properties. A consi* 
derable quantity of insohiblc matter was formed ; and 
the remaining hquor contained litde tannin and gallic 
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ackt but a considenible portion of a sabstance that pié- 
cipitated muriate of tin and tfae aalts of alumine. 

When the experiment on the ebullition of thc com* 

pound of the infusion au<L aiiiinonia was made in close 
vesself, thc liqnor that came over vras stron^rly impreg- 
nated witii ammonia; its colour was light ycllow, and 
when saturated with an acid, it was very little altered 
bj the salts of iron. The residnal fluidj aHer the pro* 
cess had been continued for some time^ as in tbe other 
caae» precipitated gélatine alightly^ but the aalts of 
alumine copioualj; and it gave a tinge of red to Utmua 
paper. 

When sohuiuu o{ lime, of strontia, or of barytes, was 
poiired in cxcess into a portion of thr infusion, a copions 
olive-coloured precipitate was formed, and the solution 
became almost clear and of a reddish tint. In this 
caae^ the tannin» the gallic acîd» and the eztractive 
matter» aeemed to be almost -whoUy canied down in the 
précipitâtes ; as the residnal fluida» when saturated by 
an acid, gave no precipitate to gélatine, and only a very 
siight tint of purplc to oxjgenated sulphatc of iron. 

When the solutions of the alkalinc carths were used 
only in small quantities, the infusion being in excess, a 
smaller quantity of precipitate was formed, and the 
residual liquor was of an olive-green colour; the tint 
being darkest in the experiment with baiytes» and 
lightest with that with the lime. Thîs fluid, when exa- 
mined» was found to hold in sdution a eompound of 
gallic acid and alkaline earth. It became turbid when 
actcd on by a little snlphnric acid; and, after being fil- 
trated, gave a hlaclv colour with the solutions of iron> 
but was not acted upou by gélatine. 

When a large proportion of lime was heated for some 
time with the infusion, it cbmbined with ail its consd*- 
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tuent principlcs, and gave, hy washin«j, a fliiid whicli 
had the taste oi lime-water, and wliicli held in Holution 
a Yevy smail quantity of vegetabic niatter. Ils colour 
was pale yellow, and when saturated with miiriatic acid» 
it did not piecipitate gelatiDe, and gave on\j a alight 
poiple tinge to the solntions of the salts of iron. The 
lune in combination with the eolid matter of the infu- 
sion was of a fawn colour. It became green ai its sur- 
face, whcre it was cxposed to the air; and when washed 
with large quantities of water, it continued to give^ even 
to the last portions» a pale yeliow tinge. 

Magnesia was boiled in one portion of the infiisîon 
£aet a few houn^ and mixed in excess with another por- 
tion, wbich was sufiTered to remain cold. In both cases 
a deep green fluîd was obtaîned» which precipitated the 
salts of iron, but not the solutions of gélatine, and the 
magnesia had acquired a grayish-grccn tint. Water 
puured upon it becainc green, and acquired the proper- 
ties of the âuid at ârst obtaincd. After long washing, 
the colour of the magnesia changed to dirtj yellow; 
and the last poirtions of water made to act upon it were 
pale yellow» and altered Terj little the solutions of iron. 
/.When the magnesia was dissolyed in muriatic acid» 
a brownîsh and turbîd fluid was obtaîned, which preci- 
pitated gélatine and the oxygenated salts of iron. So 
that thore is every reason to believe, that the earth, 
in acting on the astringent infusion, had ibrmed two 
oombinations ; one containing chieflj gallic acid, which 
was easily soluUe in water; the other containing chiefly 
tannin» which was veiy diificultly soluble. 

Aluinine boiled with the infusion became yellowish- 
gray, and gave a clear whîte fluid, whîch prodnced 
onlj a tin^e of light |)uiplc iu the solution^ of iron. 
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When the earth* was employcd in very small quantity, 
however, it formée! au insoluble compouud only with 
the tannin and the extract; and the residual liquor 
was found to contam a gallate of alumine mth ezoees 
of acid. 

The oxydes of tin and of zinc» obtained by nitric 
acid, were boiled with scparate portions of the infiision 
for two houi-s. In both caseB, a clear fluîd, wbich ap- 
peared to be pure water, was obtained, and the oxydes 
gained a tint of dul) yellow. A part of each of them 
was dîfisolved in muriatic acid* The solution obtained 
was yellow: it copiously precipitated gélatine^ and gave 
a dense black with the salts of iron. Mr. Proust^f who 
fust ()l)scrv ed the action of oxyde of tin upoii astringent 
infusions, supposes that porilons of tannin and e^allic 
acid are decomposed in the process, or couverte d, by 
the oxygen of the oxyde, into new substances. Thèse 
experiments do not» however, appear to confina the 
suppontion. 

M. Deyeux obserred, that a copîous précipitation 

was occasioned in int'usion of galls, by solutions of tlie 
alkalies combined with carbonic acid. Mr. Proust tiad 
supposed that the sohd matter formed is pure tannin, 
seporated from its solution by the stronger affinity of 
the alkali for water ; and he recommenda the piooeifi^ 
as a method of obtaining tannin. 

In ezamining the precîpitate obtained by caibonate 
of potasii fullj combined wiih carbonic acid, and used 
to saturation, I have not been able to recognise in it the 
properties wbich are usually ascribed to tannin ; it is 
not possessed of the astringent taste» and it ia but 

• Mr. Fiedier, I belîcve, first obscrved the action of alumine apon 
tamiiii. Van-Mons' Journal, tom. i. p. 86. 
t Annaleâ de Cliimie, tom. xlii. p. 09. 
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sli^htly solulilo in cold water, or în alcuhol. Tts solu- 
tion acts vcry little upon gélatine, tiil it is saturatcd witii 
an add, aad it is not possessed of the propertj of tan^ 
ning skin. 

In varions caseSi in which the greatest care was taken 
to use no excess» either of the astringent infusion or of 
the alkaline solution, I hâve fbund the solîd matter ob* 

tained posscssed of analogoiis ])r()perties ; and it bas 
always given, hy incinération, a ct>n.>i(lcrahle portion 
of carbonate of potash» and a smaLi quautity of car- 
bonate of lime. 

The fluid remaining after the séparation of the pre- 
dpitate was of a dark brown colonr» and became green 
at the surfiice, when it was exposed to the air. It gave 
no precipîtate to solution of gélatine, and aflbrded only 
au olive-colomed piccipitate with tbe salts of iron. 

Whcn muriatic acid was ponrrd into tlic v\vav 11 nid, a 
violent eflTervescence was produccd ; the Huid became 
tufbid; a precipitate was depositcd, and the residual 
Hqiior aeted upon bj gélatine and the salts of iron, in a 
manner similar to the primitive infiision* 

M. Deyeuz, In distilling the precipitate ftom in- 
fusion of galls by carbonate of potash, obtained ciystals 
oi' galiic acid. In following bis proccss, I bad similar 
results : and a fluid came over, wbicb reddened btmns- 
paper, and precipitated the salts of iron black, but did 
Dot act upon gélatine. 

When the precipitate hy carbonate of potash wàs 
acted upon hj wann water, applied in large quantities, 
a considérable portion of it was dissolved ; but a part 
t«mained, which coald not in any way be made to 
enter into sobitiou ; and its propcrties were very différ- 
ent from th(>^( of the entire precipitate. It was not at 
ail affçcted by alcohol : it was acted on by muriatic 
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acid, and partially dissolved ; and the solution precipi- 
tated gélatine and tlie salts of iron. It afforded, by in- 
cinération, a considérable portion of lime, but ' no 
alkalL 

In comparing thèse facts, it would aeem that the pre» 

cipitate from infusion of galls, consists partly of tannin 
and gallic acid nnited to a siiial] (]nRntity of alkali, and 
partly of those vegetablc matters combined with cal- 
careouB earth ; and it will appear probable, when the 
fâcts hereaâer detaiied are examine^ that both the 
potash and the Hme are contained in thèse compounds 
in a State of union with caihonic acid. 

The solutions of carbonate of soda and of carbonate 
of ammonia, both precipitatcd the infusion of galls in a 
manner similar to the carbonate of potash ; and each of 
the précipitâtes, when acted upon by boiiing water, ieft 
a smàll quantity of insoluble matter, which seemed to 
consist chiefly of tannin and carbonate of lime. 

The entire precipitate by carbonate of soda pro- 
duced, when incinerated, carbonate of soda and car- 
bonate of lime. The precipitate by carbonate of am- 
monia» when exposed to a beat sufficient to boil water, 
in a retort having a receirer attached to it^ gave ont 
carbonate of ammonia, (which was condejused in smaU 
crystals in the neck of the retort) and a yellowish fiûîd, 
which had a strong smcW and taste of this volatile sait. 
Aftcr the process of distillation, the solid matter re- 
maining was found of a dark brown colour ; a part of it 
readily dissolved in cold water, and the solution acted 
on gélatine. 

The rendual fluid of the portions of the inftision 
which had been acted on by the carbonates of soda and 

of amnioiiia, as in the instance of the carbonate of 
potash, gave no precipitate with gélatine, tiU they were 
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Batmmted with an acid» so that, ia ail thèse casesy the 
dianges are stricUy analogoua. 
The infbmon of galls, as appean frmn the analysis, 

coiitains in itb primitive stafe calcareous iiiattcr. By 
the action of tho mild alkj<lirs, tliis aubstance is prccipi- 
tated in union vvitii a |X)rtion of the vegetable niattcr, 
in the fonn of an insolable compound. The aikaUes 
themselvea» at the aame dme, enter into actual combi* 
nation with the remaining tannin and gallic acid ; and 
a part of the compound formed is precipitated> whikt 
anothcr part remains in solution. 

When the artificial carbonates of lime, magnesia, and 
barytes were sepaiatelj boiled wilh portions of the in- 
fosion of gails for aome houn, they combined with the 
tannin contained in ît» so as to form with it insoluble 
compounds ; and in each case, a deep green fluid was 
obtained, whicli gave no prccipitatc to gélatine, even 
when an acid was added, but wliich produced a deep 
black colour in the solutions of the salts of iron. 

Sulphate of lime when finely divided, whether na- 
tural or artificial, after haring been long heated with a 
small quandty of the incision, was fcumâ to hâve com- 
bined with the tannin of it, and to have gained a faint 
tinge of light })ro\'.n. The lli jnid became of a bluc' 
gréen colour, and actcd upon the salts of iron, but not 
upon gélatine ; and there is eveiy reason to suppose 
that it held in solution a triple compound» of gallic acid» 
soli^oiic acid, and lime. 

We owe to Mr. Pronst the discovery that différent solu- 
tions of the ncutral salts prccipitatc the infusion of galls ; 
and lie supposes that tlie précipitation is owing to their 
combiniug with a portion of the water which held the 
▼egetable matter in solution. In examinmg the solid 
matters thrown dovn firom the inftision, by sulphate of 
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aluniinc, nitrate of potash, acctite of potiish, muriate 
of soda, aud muriate of barytes, 1 ibund thein soluble 
to a certain estent in water, and possessed of the power 
of acting upon gélatine. From the products given 
hy their incinération, and by their distillation, l am, 
howeyer, indined to believe that they contain, besidea 
tannin, a portion of gallic add and extractive matter, 
and a ([uantitj' ui liic sait euiplojed in die priiniLive 
Éjolution. 

It iâ well known that many of the metalUc solutions 
occasion dense précipitâtes in the infusion of galls; and 
it has been generally suppoeed that thèse précipitâtes 
aie composed of tannin and extractiye matter, or of 
tliose two substances and gallic acid united to the ms- 
tallîc oxyde ; but from the observation of difierent pro- 
cesscs of this kind, in wliich the salts ol iron and ui tin 
were employed, I am inclincd ta belicve that they 
coutain ako a portion of the acid of the saline com- 
pound. 

When the muriate of tin vas made to act upon a 
portion of the infusion, tiU no more precifâtation coidd 
be produced in it, the fluid that passed through the 
filter still acted upon geladne, and seemed to contain 

no excess of acid, for il gave a précipitât c to carbonate 
of potash, without producin<z; effervescence. The solid 
compound when decomposed by sulphuretted hydrogen, 
aâer the manner recommended by Mr. Proust was 
found strongly to redden Htmus paper, and it copioosly 
precipitated nitrate of sUver; whereas the primitiye 
infiision only rendered it slightly turbid; so that tbeze 
is every reason to believe that the precipitate contained 
muriatic acid. 

By passing the black and turlnd fluid, procured by 
the action of solution of uii:ygenated sulphate of iron in 
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excem npon a portion of the infusion, through fînely- 

divided pure flint, coutaiaed in iour ïolih ot iilirating 
paper, i obuuiicJ a U'^ht olive green tiuid, în Avhich 
there was no exccss of sidplmric ac id, aad whicli I aiii 
inclined to supp<)^^e was a solution of the conipound of 
grilâe acid and ^ulpiiate of iron» with mperabundanee 
wetallic ialt» I hâve already mentioned tbat gallic 
ÊÔA wiben In Tery small portion^ does not prccipitate 
the oxygenated ealte of iron ; and Mr. Proiust in hÎB 
ingénions papcr nj)on the différence of tlie salts of iron, 
hm supposed that, in the funnation of ink, a porlicm ui 
tiie oxyde of iron in union wil}> t ' Mie acid is dit^solvcd 

bgr Ibe snlphuric acid of the sulpiiute. Thk cornes 
anr to tim opinion tlmt thej tbnn a triple compound; 
miA m raiMoning upon the gênerai phsenomena, it seems 
inr to ^endnde that in the case of the preci[>îtation of 
tÊÊÊÊÊÎn hf the salto of tin and iron, compounds are 
formcd of tannin and the salts ; and that of thcse coin- 
pouiids sneh as contaiài Un, are sli^riitly sokible in ^Yater, 
whilst tliose that cou tain ii'on are almo^^t wbolly in* 
sokible. 

In examinîng the action of animal subetances upon 
the infîieion of galls with the view of ascertaining the 
compotttion of the compounds of gélatine» and of skin 
with tannin^ I found that a satorated solution of géla- 
tine, which contained the soluble matter of 50 grains of 
dry isinglass, produced Ironi the infusion a prccipitate 
that weighed nearly 91 grains; and in another instance, a 
solution containing 30 grains of isinglass gave about Ô6 
grains ; so that taking the mean of the two experiments» 
and allawing for the small quantity of insoluble matter 
în innglass» we may condude that 100 grains of the 
crompound of gélatine and tannin formed by précipita^ 
tion from saturated solutions, contain about 64 grains of 
gélatine, and 46 of tannin. 
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A pièce of diy calfHskin, perfectly free from extnh 
neous matter, that weîghed 180 grains aller being pre< 
pared ftr tanning by long immersion in water, was 
tanned in a portion of the infusion, being exposed to it 

for three wccks. When dry the leather weighed 295 
grains ; so that considcring this experiment as accurate, 
leather quickly taiined by means of an infusion of galls, 
consista of about 61 grains of skin^ and 39 of vegetable 
matter in 100 grains. 

Âfter depriving a portion of the infiision of ail its tan- 
ning matter^ by repeatedly cxposing it to tEe action of 
pièces of skin, I found that it gave a much slighter 
colour to oxygenated sulphate of iron, than an equal 
portion of a simih\r iiilu^ioii wiiich had been imiiu di- 
ately prccipitated by means of isinglass; but I ain in- 
clined to attribute this effect, not to any absorption of 
gallic acid by the skin, but rather to the décomposition 
of it by the long-continued action of the atmosphère ; 
for much insoluble matter had been predpitated during 
the process of tanning, and the residuum contained a 
small portion of acetous acid. 

In ascertaining the quantity of'tannin in galls, I foiind 
that 500 grains of f^ood Aleppo galls gave by lixiviatîon 
with pure water tiii their soiubie parts were taken up, 
and subséquent slow evaporation, 185 grains of solid 
matter» And this matter ezamined by analysia» appeared 
to consist 

Of tannin .... 130 grmns* 
Of mucilage and matter rendered insoluble 

by evaporation , , .12 

Of gallic acid witli a little extractive matter 31 
Eemainder^ calcareous carth, and saline 

matter . . .12 
The flnid obtained by the last liziyiation of galH as 
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M. Deyeux observed, is paie green; and I am inclined 
to believe that it is chiefly a weak solution of gallatc 
of lime. Tlie ashes of galls, deprived of soluble matter 
fiimish a yery considérable quantitj of calcareoos earth. 
And tbe property which M. Deyeux dîscoveied in tbe 
liquor of the last Hxiviations of becomîng red by tbe 
action of acids and of regaining the green colour by 
means of alkalies, I bave obsen^ed moro or less, in ail the 
soluble compounds containing gallic acid and the aika- 
line eartbs, 

3. Experimenis and Observations m Caieehu or Terra 

Japanica, 

The extract called catechu is said to be obtaîned from 
the wood of a species of the mimosa,* which is found 
abundantly in India, by décoction and subséquent 
evaporation. 

There are two kinds of this eztract ; one is sent finom 
Bombay, die otfaer from Bengal ; and they difler from 

cacli other more in tlicir extemai appearaiicc th;u) in 
their chcmical composition. The extract from Bombay 
is of an uniform texture^ and of a red-brown tint; its 
spécifie gravity being generally about l'39* The ez- 
tract from Bengal is more pliable» and less consistent ; 
its colour is like that of chocolaté extemally, but when 
broken, its fracture présents streaks of chocolaté and of 
red-brown. Its spécifie gravity is about 1*28. Their 
tastes are precisely simiiar» being astringent, but leaving 
in the mouth a sensation of sweetness» They do not 
deliquesce» or apparently change by exposure to the 
air. 

The discovery of the tanning powers of catechu, is 

owing to the Président of the Royal Society, who, con- 

* 0ee Xen'B Médical Olnemlioiit, vol. t. p. 156. 
TOL. IL N 
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cluding from its sensible properties that it contained 
tannin, fnmished me in December, 1801, with a quaa- 
titj for Chemical examioation. 

Iq my firat experiments, I foimd that the solatim of 
catechu «opiously precipitated gélatine» and speedily 
tanned skin, and in conséquence I a particular 

investigation of thcir prupcrtics. 

The strongest infusions and décoctions of the two 
^iôereat Jdnds of catechu do not sensibly diâer in their 
nature, or in their composition* Their colonr is deep 
xed-brown, and thej communicate Ûôb tinge to paper; 
tfaey slightly redden litmns paper; their taste is hi^j 
astringent, and they have no perceptible smell. 

The strontiest infusions that I could obtain from the 
two kindâ of catechu at 48*^ Fahrenheit were of the 
same spécifie gravîty, l'057. But by long décoction, I 
procured solations of 1*102, which gave by evaporation, 
more than ^ of their weight of aolid matter* 

fiye hundred gnûns of the atrongest infhmon of 
catechu from Bombay fumished only 41 grains of solid 
matter; which from analysis apprarcd to consist of 34 
grains of tannin or matter precipitable by gélatine, and 
7 grains tliat were chieây a peculiar extractive matter, 
the properties of which wiU be hereaâer described. 
The quantity of solid matter given hy the atrongest 
infusion of the Beiigal catechu, was the same, and there 
was i K ) se lisible différence in its composition. Portions 
of thèse solid matters, when incinerated, left a residuum 
which seemed to be calcareons ; but ît was too small in 
quantity to be accurately examined, and it could not 
have amoimted to more than of their orignal 
weights. 

The strongest infusions of catechu acted upon the 
acids and pure alkalies in a manner analogous to the 



Digitized by 



801IB ASTRINOEHT YaOSTABlBS. 267 



infiision of galls. With the concentrated sulphuric and 
moriatîc mààB, they gave dense light fawn-coloured 
précipitâtes. With Btrong mtvous add they efferresced; 
and loet tfaeir power of piedpitatiiig the solutions of 

iflînglass, and the salts of iron. The pure alkalies entered 
into union with thcii tannin, so as to prevent it irom 
being acted upon by gélatine. 

When the solutions of lime» of strontia» or of barytes, 
were poured into the infusions» copions précipitâtes, of 
a ahade of ligjbt brown» were foimed ; and the residual 
flnid assomed a paler tînt of red» and waa fomà to have 
lœt its power of precipitating gélatine. 

After lime had been boilcd for sonic tiuic with a por- 
tion of the infusion, it assumed a dull rcd colour. The 
hquor that passed from it through the filter had oniy a 
£iint tint of xed, did not act upon gektine, and seemed 
to contain only a Teiy smaU portion of vegetable matter. 
Pore magnesia» when heated with the infiision» acted 
upon it in an analogous manner; the magnesia became 
light red, and the residual ûvàd had only a very sHght 
tingc of that colour. With caxbonate of magncsia, the 
infusion became deeper in colour, and lost its power of 
precipitatiug gélatine » though it still gave, with o;&yge- 
nated sulphate of iron» a light olive precipitate. 

The carbonates of potash» of soda» and of ammonia» 
in their concentrated solutions, produced only a slight 
degree of torbidness in the infusions of catechu : they 
communicated to them a darker colour, and deprived 
theni of tlie power of acting upon gélatine ; though 
this power was restored by the addition of an acid. 

After the mixture of the solution of carbonate of 
potash» and the infiisions had been ezposed to the 
atmosphère Ibr some hours!» a brown crust was found to 

M 2 
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havc fornied upon ius surface, and a slight précipitation 
had takcn place, 

The salts of alumine precipitatcd the infusions, but 
less copiously than thej precipitate the infusion of galls. 
A similar efFect was produced hy nitrate of potash, 
sulphate of magnesia, pnissîate of potash, and inaiiy 
other neutral salts. 

The nitrate, or acetite, of lead, in concentmted solu- 
lion, when poiircd into the iniusion, produced in it a 
dense light brown precipitate, vvhich gave to the fluid a 
gelatinous appearance. After this effect, there was no 
ftee acid found in it; and both the tannin and the 
extractive matter seemed to bave been caxried down, in 
union with a portion of the metàUic sait. 

The solution of muiiate of lin acted upon the infu- 
sion of catechu in a manner similar to that in which it 
acts upon the infusion of galls. 

The least oxygenated sulphate ot n on produced no 
change in the infusion. With the most oxygenated 
sulphate it gave a dense black precipitate, which, when 
difi^sed upon paper» appeared rather more inclined to 
olive than the precipitate from galls. 

The infusions were precipitated by the solution of 
albumen. 

The précipitâtes by gélatine had ail a pale tint of 
red-brown, which became deeper when they were 
exposed to the air. The compound of gélatine and the 
tannin of the strongest infusions of catechu appeared, 
bj estimation of the quantîty of isinglass in the solutions 
used for their précipitation, to consist of about 41 parts 
of tannin, and 59 of gélatine. 

Of two pièces of calf-skin which weighed, when dry, 
132 grains each, and which had been prepared for 
tanning, one was immersed in a large quantity of th.e 
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infusion of catechu from Benrral, and the other in an 
equal portion of thc infusion of tiiat irom Bomba} . In 
less than a month thcy weie foand conTerted into 
leather. When freed from moisture, by long ezpoeuie 
in the snnshine, they were weighed. Tbe first pièce 
had gaîned abdut 34 grains^ and the second pièce 35^ 
grains* The leather was of a much deeper colour than 
that tanned witii galls, and on tlie upper j^nrfacc was 
red-brown. It was not acted upon by hot or cold 
water ; and its apparent streugth was the aame as that 
of sîmilar leather tanned in the usual manner. 

On examining the remainder of the infusions of 
catechuj in which skin had been converted into leather, 
I fimnd in them much leas extractive matter than I hatl 
reason to expect, from the comparative analysis of equal 
portions of the unaltered infusions made by sohitions of 
jorelatine. At first I was inclined to suppose that the 
deficiency arose from the action of tbe atmosphère upon 
the extractiTe matter^ by which a part of it was rendered 
insoluble* But^ on considering that there had been 
▼eiy litde précipitation in the process» I was led to 
adopt the supposition, that it had entered into union 
with the skin, at llio same time with the taiiniLi; and 
this bupposition was coiilumed by new experinieots. 

Both kinds of catechu are almost wholly soluble in 
lai^e quantitîes of water ; and, to form a complète solu- 
tion, about 18 ounces of water at 52^, are required to 
100 grains of eztract The residuum seldom amounts 
to of the original weîght of the catechu; and, in 
mo9t cases, it is found to consîst chîefly of calcareous 
and aluminuus earths, and of fine sand, which, by acci- 
dent or design, had y>robably been mixed with the pri- 
mitive infusion at the time of its evaporalion. 
A coosiderable portion of both kinds of catechu is 
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soluble in alcohol ; but» after the action of alcohol hpon 
itf a substance Teinains, of a gclatinoos appeanince voè 

a light brown col oui , wliich is soluble in watcr, and is 
anal^ouR m its propertics to gum or mucilage. 

The pcculiar extractive mattcr in the catechu, is 
much less soluble in water than the tanning princqple ; 
and, when a amall quantité of water is nsed to a laige 
quantily of catecbu, the qnantîty of tannin taken np^ 9ê 
appears firom the nature of the strongeet inâasion» m 
Tery mucb greater than that of the extracdye mstter. 
The extractive matter is much more soluble in warm 
water than in cold water; and^ when saturated solutions 
of catechu arc made in boiling water> a considérable 
quanti^ of extractive matter» in ils puie atate, 
down, as the liquor becomes oooL 

The pecnliar extractive matter of the cstechu maybe 
Bkewise obtained by repeatedly lixiviating the catechu, 
when in fine powder, till the âuids obtained cease to 
precipitate gélatine; the residnal soUd will then be 
Ibund to be the substance in (|uestion. 

The pure extractive matter, whether procuied firom 
the Bombay or Bengal catechu, ÎB pale, with a iaint 
linge of led-brown. It bas no pefceplibk smell ; its 
taste is slîghtly astrmgént ; but it leares in tlie moatl^ 
fiyr some dme, a sensation of sweetnen stionger than 
that given by the catechu itself. 

Its solution in water is at first yellow-brown ; but it 
gains a tint of red by cxposure to the air. Its solution 
in alcohol does not materially change colour in the 
atmosphère, and it is of an oniform doll brown» 

The extractive matter, whether solid or in sdntioOy 
was not fonnd to prodnce anj change of colour npm 
vegetable blues. 

It became of a brighter colour by the action of the 
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alkaties ; but it was not precipitated from its soliitioii 
in water by thèse bodies^ nor hy the alkalioe eaitfas. 

Tbe aqueoOB solatiomi of it, when mized wîth soKi- 
tioDfl of nitrate of alwnine aad of muriate of tîiv became 

blightly turbid. 

Tu nitrate of kad it gave a dense light browo preci- 
pitate. 

It was aot peioeptibly actcd on bj solution of gel»* 
tine; bat, when solution of sulphate of alumine was 
added to the mixture of the two flaids, a eonsiderable 
quaatity of solid natter» of a light brown colour» was 
immediately deposîted. 

To the solution of oxygcnated sulphate of iron, it 
commuoicated a line grasb-grecn tint ; and a green j)re- 
cipitatc was deposited» which became black bj expor 
sure to the air* It waa not precîpitated bj the minerai 
adds, 

Lînen» by being boUed în the strongest solution of 
the extractiye matter, acquired a light red-brown tint. 

The liquor became almost colourless, and aller this pro- 
duced very little change in the solution of oxygenated 
sulphate of iron. 

Raw skin^ furepared fa£ tanning hy being immersed in 
the strong sohitiony soon acquired the samc kind of tint 
as ihe linen. It united itself to a part of the eztrao 
tiye matter; but it waa not zendered bj it insoluble in 
boiling water. 

The sûlid cxtractive niattcr, when exposed to hcat, 
softened and became darker in its colour, but did not 
enter into fiision. At a température belovv that of igni- 
tion it was decompounded. The volatile products of 
its décomposition were, carbonic acid» hydro-carbonate, 
and water holding in solution acetons add and a little 
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nnaitered extractive matter. There xemained a light 
and Texy poxoiu chaicoal. 
In considering the manner in which the catechu is 

prepared, it would be reasonable to concliide tbat dif- 
férent spécimens of that substancr must ditFer in some 
measure in their composition, eveu in tbeir pure states ; 
and for the purposes of commerce, tbey are often adul- 
terated to a consideraUe estent mih sand and earthy 
matter.* 

In attempdng to estimate the compondon of the 

purest catechu, I selected pièces fi'om diilèrent spéci- 
mens, with which I was sn])])Iied by the Président, 
and reduced them together into powder ; miiûngy how- 
ever, onlj those pièces which were from catechu of 
the same kind. 

Two hundred grains of the powder procured in 
this way, from the catechu of Bombay, afforded by 



analysis: — 

Grains. 

Tannin 109 

Pecoliar extractive matter • . . 68 

Mucilage 13 

Residual matter, chieây sand and cal- 

careous earth 10 

The powder of the B^gal catechu gave» by similar 
methods of analysis, in 200 grains:— 

Tannin 97 

Peculiar extractive matter ... 73 

Mucilage 16 



* One spécimen that I examined of the terra japonica of commeroe, 
fwrnished by inoineration, one-fifth of sud tDd CtlÙlJ matter; and 
aaoilier ipeeimen, nearly one-aixth. 
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Resîdual matter; sand, with a small 
quantitj of calcareous aud alumiauus 
earths 14 

In ezamming those parts of the catechu firom Bea- 
gal» which were difleientlv coloured» I found the largest 
proportbn of tannin in the darkest part of the sub> 

stance, and most extractive matter in the li^htcst part. 
It is probable that the iucquality of coni])Ov>ition in tins 
catechu is owiug to its being evaporatcd aud ibrined 
without rnuch a^tatîon ; m conséquence of which, the 
constituent parts of it that are least soluble^ being first 
inrecipitatedy appear in some measure distinct from the 
more soluble parts, which assume the solid form at a 
later period of the process. 

From the observations of Mr. Kerr,* it would appear 
that the pale catechu is the most sought after in India» 
anditis evidently that which contains most extractive 
matter. The extractive matter seems to be the sub- 
stance that gives to the catechu the peculiar sweetness 
of taste which renders it so agreeable to the Ilindoos, 
for the purpose of chewing with the betle-nut. 

4. JExperiments and Observations on the astrinyent irtf a- 
êiom of barkSf and other vegetaùle productions, 

The barks that I ezamined were fumished me hy my 
friend, Samuel Ptarkis, Esq. of Brentford; the y had 
been collected in the proper sea£>on, aud preserved with 
care. 

In making the infusions^ I emplojed the barks in 
coaraè powder ; and, to expedite the solution, a beat of 
100^ to 120*^ Fahrenheit was applied 

The strongest incisions of the barks of the oak, of the 

* Mcciicai Observations^ vol. v. p. lùô. 

n5 
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Leicester willow, and of the Spanish chestnut, were 
nearly of tlie saine spécifie gravity, 1*05. Theîr tastes 
were alikc, and strongly astringent; they ail reddened 
litmus paper ; the infusion of the Spanish chestnut bark 
producing the highesi tint» and that of the Leicester 
wîllow bark the feebîest tint 

Two hundred grains of each of the infbflkms were 
submitted to evaporation ; and in this process the infu- 
sion of the oak bark furnishcd i^eventeen grains of sulid 
matter ; that of the Leicester wiliow about sixteen and 
a half grains ; and that of the Spanidi chestnut nearlj 
an eqaal quantiQr* 

The tannin given bj thèse sdid matters was» in that 
from the oak bark infbsîon, fourteen grains; in that 
from the willow bark infusion fourteen and a half 
grains; and in that from the Spanish chestnut bark 
infusion thirtecn grains* 

The residual substances of the infusions of the Spanish 
chestnut barkj and of the oak bark» slightly reddened 
iîtmus paper, and pfecipitated the solutions of tin of a 
fawn colour, and {ho<o oi irun black. The residual 
matter of the infusion of the willow bark did not per- 
ceptiblj change the colour of iitmus ; but it precipitated 
the salts of iron of an olive colour, and rendered turbid 
the solution of nitrate of alumine, 

The soM matters produced by the eyaporation of 
the infusions, gave, l)y incinerati(Mi, only a very smaU 
quantity of ashes, which could not have been more than 
-j-^^ of their original weights. Thèse ashes chiefly 
consisted of calcareous carth and alkali ; and the quan« 
tity was greatest firom the infusion of chestnut bazk. 

The inftisions mre acted on bj the acids and the 
pure alkalîes in a manner very sîmilarto the infusion of 
galls. With the solutions oi caibonaled alkalics they 
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gave dense fawn-coloured précipitâtes. They were 
copiousiy precipitated by the solutions of lime, ot biron- 
da, and of barytes ; aad by lime-water in cxcess, the 
infoaioDs of oak and of cheatnut hêxk eeemed to be de- 
priyed of the vàuÀà ni the vegetable matter they held 
in folatîoii* 

Bj beiiig boiled §» wmie time widi aUiminei lime» 
iiid magnesia, they became almoat colourleaa, and lost 

their power of actinp; u])on gélatine and the salts of 
irou. Afler being heated with carbonate of lime and 
carbonate of magnesia, they wcre found decpcr colourcd 
than heù>xe ; and though they had loBt their power of 
acting on gélatine, they still gave dense olive-coloured 
pcecipitatea with the aalti of iront 

In ail thèse cases the earths gained tints of brown 
more or less intense. 

When the compoimd of the astringent principles of 
the infusion of oak Ijai k with lime, procured by means 
of lime-water, was acted on by sulphuric acid, a solution 
was obtained* which precipitated gélatine, and con- 
tained a portion of the yegetable principles, and a 
certain qoantily of sulphate of lime; a solid &wn- 
colooied matter was likewise Ibrmed, which appeared 
to be solphate of lime united to a little tannin and 
extractive matter.* 

The solutions were copiously precipitated by solution 
of albumen* 

• M. Merat Guillot projxjses a luethod of procuring pure tannin, 
(Annales de Chimie, tom. xli. p. 325,) which consiste in precipitatiug a 
sdlation of tan by Ume-wster, «nd doeonposing it by nitric or muriatic 
meUL VliBioliitioii of âio foUd matter olitalBod in fhis way in «looliol, 
he eontiden u « fglntion of pure tannin; but from the eiEperimenti 
abore-mentioned, it appean tliat it tunat oontain, beeides tannin, some 
of the eztnettve matter of the baik; and it majf llkewiM contain saline 
matter. 
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The précipitâtes thej gave with gélatine were similar 
in their appeaiance ; their colour at first was a light 
tinge of brown» but thej became Yetj dark by exposure 
to tbe air. Their composition was very nearly sinûlar; 
and, judging from tfae ezperiments on the quantity of 
gélatine employed in forming them, the compound of 
tannin and gélatine from the strongest infusion of oak 
bark, secms to consist, in the 100 parts, of 59 parts 
of gélatine» and 41 of tannin ; that from the infusion 
of Leicester wiHow bark, of 57 parts of gélatine and 
43 of tannin; and that from the infbsion of Spanisb 
chestnut bark» of 61 parts of gélatine» and 39 of 
tannin. 

Two pièces of calf-skin, which weighed when dry 
120 grains each, were tanned; onc in the strongest 
inftision of LeicesLer willow bark, antl the othcr in the 
strongest infusion of oak bark. The process was com- 
pleted, in both instances, in less tîian a fortnight ; when 
the weight of the leatber fonned by the tannin of the 
Leicester willow bark was found eqnal to 161 grains; 
and that of the leather formed by the infusion of oak 
bark was equal to 164 grains. 

When pièces of skia were suffered to remain in small 
quantities of the infusions of the oak bark, and of the 
Leicester willow bark, till they were exhausted of their 
tanning principle, it was found, that though the residnal 
liquors gave oUve-coloured précipitâtes with the solu- 
tions of sulphate of iron» yet they were scarcely ren- 
dered turbid by solutions of muriate of tîn ; and there 
is every reason to suppose that a portion of theîr ex- 
tractive matter had been taken up with the tannui by 
the skin. 

I attempted, in différent modes, to obtain uncombined 
gallic acid from the soUd matter produced by the eva- 
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poration of the barks, but without sucoew. Wben 
portions of diis solid matter were expofled to the degree 

of beat that is ic(j^uiicii fur the production of gallic acid 
from the Aleppo gaîls, no crystals were furmed; and 
the fluid that came over gave only a brown colour to 
the solution of salts of iron» and was found to contain 
much acetous acid and empyreumatic oil. 

When pure water vtas made to sci, in successive 
portions, upon oak bark in coarse powder, till aU ita 
sohible parts were taken up, the quantîties of liquor last 
obtained, thou^li tliey did not act niuch iipoii >olution 
of gélatine, or y)erceptibly redden litmus pajier, produced 
a dense blaek with the solution of sulphate of iron : by 
evaporation» they fumished a brown matter, of which a 
part was rendered insoluble in water by the action of 
the atmosphère ; and the part soluble in water was not 
in anj degree taken up by sulphuric ether; so that, if 
it contained ^Uic acid, it was in a state of intimate 
union with extiactive matter. 

Two pièces of calf-skin, whicli weighed, when dry, 
ninety-four grains each, were slowly tanncd; one, by 
being exposed to a weak inûision of Leicester willow 
bark» and the other, by being acted upon bj a weak 
infusion of oak bark* The process was completed in 
aboat three months; and it was found, that one pièce 
of skin had gained in weight fourteen grains, and the 
othcr pièce about sixtcen and a half grains. Thîs 
increase is pruporlionally mucii less thaii that which 
took place in the experiment on the process of quick 
tanning. The colour of the pièces of leather was 
deeper than that of the pièces which had bccn quickly 
tanned ; and» to judge from the properties of the resi- 
dual liquors, more of the extractive matters of the barks 
had been comlHned with them. 



i 
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The cxperi monts of Mr. Biggin* have shown, that 
similar barks, whca takea ârom trees at différent seasons, 
differ as to the quantities of tannin thej contain : and I 
bave obaerved» that the proportions of the astringent 
prindpleB in haiks vaxy connderafaly» aecording as theîr 
âge and eâze are difierent; besides, thèse proportions 
are ofteii influcnced by accidentai circumstances, so 
that it is extremelv difiicult to ascertain their distinct 
relations to each other. 

In every astringent bark, the interîor white bark 
(that h, the part next to the albumum) contaîns the 
largest quantitj of tannin. The proportion of eztraethre 
matter is generally greatest in the middle or coloured 
part : but the cpidermis seldom fumishes either tannin 
or extractive matter. 

The white cortical lajers are comparatively most 
abundant in young trees; and hence their barks con- 
tain, in the same weight» a laiger proportion of tannin 
than the barks of old trees. In barks of the same kind^ 
but of diiïerent âges, which have becn eut at the same 
seasori, the similar parts contain always very nearly tbe 
same quantities of astringent principles ; and the interior 
layers afford about equal portions of tannin. 

An ounce of the white cortical layers of old oak bark| 
fbmished, by lixiviation and subséquent evaporation^ 
108 grains of solîd matter; and, of this, seventy-two 
grains were tannin. An equal quautUj of the white 
cortical layors of young oak prodaced 111 grains of 
solid matter, of which seventy-^ven were precipitated 
by gelatûie. 

An ounce of the interîor part of the bark of %ianish 
cbestnut, gave eighty-nine grains of solid matter» con- 
taining sixty-three grains of tannin. 

* PhlL Traos. for im, p. 
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The satne qtiantiqr of tfae mmt part of the bark of 
Ûie Lcîcester ivillow^ parodnced 117 ffwoB, of whicli 
seraily-imie wm tanniiu 

An oimce of lihe colonired or extemal cortical laym 
fiom the oak, prodneed fbrty-three grains of aoUd 
mAtter, of which ninctcen werc Laiinin. 

Fruiïi the Spaaisii chestnut forty-one grains^ oï wiiich 
fourteen were tannin. 

And from the L#eiccster willow, thirty-four graiaSy of 
which aixteen wm tanniii. 

Id attempting to aacertain the relative quantities of 
tannin in the differenl entire barka» I aelected thoae 
qfieeîinena whîdi appeared nmilar with regard to the 
proportiona of the eztemal and internai Isyera» and 
wliich were aboat âie average thickness of the barka 
coiiimonly used m lanning, namely. Lait an incli. 

Of thèse barks, the oak produced, in the quantity of 
an ounce, sixty-one grains of matter dissolved by water^ 
of which twenty-nine grains were tannin. 

The Spanish chestnut, fifty-three grains» of which 
twen^-one were tannin. 

And the lieiceater willow, seyent^-one grain% of 
wbich thirty-three were tannin. 

The propmrtiona of thèse qnantities in respect to the 
tannîng principle, are not very différent from those 
estimated in Mr. Biggin's t<ibk.* The residual sub- 
stances obtained in tho différent experiments differed 
coasiderably in their properties ; but certain portions of 
them were, in ail instances» rendered insoluble during 
the process of eraporation. The reaiduum of the 
chestnnt baxk, aa in the instance of the strongest infii* 
sioii» poBSMed slightly add properties, but more tban 
three-quarters of its weight consisted of extractiTe 

• Phii. Trans. for 1709, p. 263. 
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mattcr. Ail the residuums in solution, as iii the other 
cases, were precipitated by muriate of tin ; and after 
this précipitation the clear flnids acted mnch more feebly 
than before on the salts of iron ; so that there is great 
veason for believing that the power of astringent infu- 
âons to precipitate the salts of iron» black or dark- 
coloured» dépend pardy upon the agency of the ex- 
tractive mattera they contain, as well as upon that of 
the tanning principle and gallic acid. 

In pursuing the experîments upon the diflferent 
astringent infusions, I exauûncd the infusions of the 
bark of the ehn and of the common willow. Thèse 
infusions werc acted on by reagents, in a manner 
exacUy similar to the incisions of the other barks ; they 
were precipitated by the acids^ by solutions of the 
alkaline earths, and of the carbonated alkalies; and 
âiey formed with the caostic alkalies^ fluids not preci- 
pitable by gélatine. 

Ân ounce of the baik of the elm fumished thirteen 
grains of tannin. 

The same quantity of the bark of the common willow 
gave eleven grains, 

The rcsidual raatter of the bark of the clm contained 
a considérable quantity of mucilage ; and that of the 
bark of the willow» a small quantity of bitter principle. 

The strongest infusions of the sumachs ùom Sicily 
and Malaga» agrée with the infusions of barks» in most 
of their properties; but they di&r firom all the other 
astringent infusions that hâve been mendoned, in one 
respect; they give dense précipitâtes with the caustic 
alkalies. Mr. Proust bas shcwn that suniach contains 
abundance of sulphate of lime ; and it is probably to 
this sub^^tance that the pecnliar cfFcct is owing, 

Fioin au ounce of Sicilian suniacb» I obtained 16d 
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grains of matter solublc in waicr, and of tliis matter 
seventy-eight grains were tannin. 

An ounce of Malaga sumach produced 1Ô6 grains of 
solable matter» of which seyenQr-nine appeared to be 
tannin. 

The inftuaion of Myrobalans^* from the East IndieSi 
diflfered from the other astringent infusions chiefly by 
the circumstance that it effervesced •with the carbonated 
alkalics ; and it gave with them a dense preci})itate that 
Vf us almoBt immediately redissolved. After the tannin 
had been precipitated fiK>m it by gélatine, it stronglj 
leddened litmus paper» and gave a bright black with the 
solutions of iron. I expected to be able to procure 
galiic acid, by distillation, from the Myrobalans ; but iii 
this I was mista]<ou; thcy fnrnishcd only a pale yellow 
âuid, which gave merely a sUght olive tinge to solution 
of sulphate of iron, 

Skhi was speedily tanned in the infiision of the 
Myrobalans ; and the appearance of the leather was 
dmilar to the appearance of that from galls. 

The stronsrest iut'asiuns of the teas arc vcry siuiilar in 
their agencies upon chemical tests, to the infusions of 
catechu* 

Ân ounce of Souchong tea produced 48 grains of 
tannin. 

The saine quantîty of green tea gave 41 grains. 

Dr. Maton has observcd, that very little tannin is 
found in cinchona, or in the othcr barks supposcd to be 
possessed of ûbriiuge propcrties. My expcrinients tend 
to oonfirm the observation. None of the infusions of 
the strongly bitter vegetable substances that I bave 
ezamined, gave any precipitate to gélatine. And the 

• The Myrobalans used in the«e expérimenta are tke fruit of the Ter* 
mioalia Chebul&^Bets. Obs. Bot. Faso. v. p. 91. 
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infusioDS of quassia, of gentian* of liope, and af camo» 
nûle^ are acarcely affected by moriate oC tin ; so tliat 
tfaey like^vûe contain veiy little extractÎTe maiter* 

In aU substances poesessed of tbe astringent taste» 
there îs great reason to suspect the présence of tannin : 
ît even cxists in substances which. contaiii sugar and 
ve*îetal)le acids. I have found it in abundance in the 
juice of sloes ; and my fhcnd Mr» Poole, of Stowej^ has 
detected it in port wine. 

5. Gemrai ObêemUtans» 

Mr. Proust bas supposcd in hia paper upon tannînr 
and its species»* tbat àieie eût différent speeies of the 

tanning principle, possessed of diftrent properties, and 
différent powers of actiiig upoii rcagcuta, but ail preci- 
pitable hy gélatine. This opinion is sufficiently con- 
formable to tlie iiacts generally known conceming tlie 
nature of the substances which are produced in orga- 
nîsedmatter; but it cannot be considered as proved, 
till the tannin in différent vegetablea bas been exanined 
in its pure or insulated state. In ail the Tegetable 
infuaions wbicb bave been subjected to eiperimen^ it 
existe in a state of union with otber principles ; and ita 
properties niust necessarily be modilied by the peculiar 
circumstances of its comlnuiition. 

From the experimeutis that bave been detailed, it 
appears, that the spécifie agencies of tannin in ail the 
différent astringent infusions aie the same* In every 
instance, it is capable of entering into union with the 
addfl^ alkaËe% and earths; and of formmg inaoAwhlft 
componndsiritb gélatine and witb skin. TbeinlusiQD» 
of the barks ft£Bect the greater number of reagenta in a 
manuer similar to the infusion of galls ; and^ that this 

* Anaak» de Chimie, (ou. xii. p^W». 
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last ûmà 18 lendered green hy the carbonated alkalies» 

cvidently dépends) upou thc large proportion of gallic 
acid it contains. Thc infùsion of sumach owes its 
characteristic property, of being precipitated by the 
caustic alkaliesy to the présence of suli^iate <^ lime ; and, 
that the sdutions oC catechu do not copiouslj precipi- 
tate the carbonated allcalies, appeara to dépend upon 
their containing tannin in a pc cnliar suuc of union with 
extractive matter^ and uncombined with gallic acid or 
earthj saits. 

In making aonie experîments upon the affinities of 
the tftnnîng ptmciple^ I found that ail the earths were 
ci^ble (tf sttmcting it from the alkaKes ; and, so great 
îs dieir tendeney to combine with it, that by meane of 
them, the compound of tannin and gélatine may be 
decomposed without much difficulty; for, after pure 
magneaia had been boiled for a few hour» with this sub- 
stance difhsed thxough water« it became of a red-biown 
oohnir, and the fluid obtûned by iiltnition produced a 
distmet precipitate with solution of galls. The acîds 
have less affinity for tannin tliau for gélatine; and, in 
cases where compounds of the acids and tannin are 
acted on by solution of gélatine» an equilibrium of 



insoluble oombination. The différent neutral salts have» 

comparatively, feeble power of attraction for the tanning 
principle ; but, that the précipitation which they occa- 
sion iu astringent solutions, is not simply owing to the 
circumstance of their unitîng to a portion of the water 
which held the Tegetable substances in solution» ia 
évident fiom many &ets» besides those which have been 
already stated. The solutions of alum, and of some 
other saits which are less soluble in water than tannin» 
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prodace» in many astiîngcat infononsy précipitâtes as 
copious as the more soluble saline matters ; and sulphate 

of lime, aiid other earthy neutral coiupouuds, wluch are, 
compara tively speaking, insolu])k' in water, speedily 
deprive them of their tanning principle, 

From the dififerent fiicts that bave been stated, it is 
évident that tannin may exist in a state of combination 
in différent substances» in which its présence cannot be 
inade evidenl hy means of solution ui gclatine; and, in 
tliis case, to dotort its existtince, it is necessary to have 
lecouise to the action of the diluted acids. 

In considering the relations of the différent facts that 
haye been detailed, to the processes of tanning and of 
leather-making» it will ap]^)car snfficiendy évident» that 
yrhen skin is tanned in astringent infusions that contain, 
as vvell as tannin, extractive matter, portions of thèse 
matters enter, with the tannin, into chcraical combina- 
tion with the skin. In no case is there any reason to 
believe that gallic acid is absorbed in this process; and 
M. Seguin's ingénions theoxy of the agency of this sub- 
stance, in producing the deoxygenation of skin, seems 
supportcd by no proofs. Even in the formation of 
glue frora skin, there is no évidence whlch ought to 
induce us to suppose that it loses a portion of oxygen ; 
and the effect appears to be owing merely to the sepa- 
ration of the gélatine, fiom the small quantity of albumen 
vvith which it was combined in the organised form, I y 
the solvent powers of water. 

The différent qualities of leather made with the samc 
kind of skin, seem to dépend very much upon tlie dif- 
férent quantities of extractive matter it contains. The 
leather obtained by means of infusion of galls, is gene- 
xally found barder, and more liable to crack, than tlie 
kaâier obtahoed fiom the infusions of barks ; and, in 
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ail cases^ it coatains a much laiger proportion of taoïÛDy 
and a smaller proportion of extractire matter. 

When skin îs very slowly tanned in weak solations of 
the barks, or of catechu, it combines with a considérable 

proportion of extractive matter; and, in thcse cases, 
though the increase of vvcight of the skia is compara- 
tively small, yet it is rciidered perfectij insoluble in 
Tvntor ; and is found soft, and at the same time strong. 

The saturated astringent infusions of barks contain 
much less extiactiye matter, in proportion to their tan- 
nin, than the weak infusions ; and, vrhen skin is 
qiiickly tanned in them, common expérience siiows 
tluu it produces leather less durable than the leather 
siowly ibrmed. 

Besides» in the case of quick tanning by meansof 
incisions of barks, a quantity of vegetable extractive mat* 
ter is lost to the manu&cturer, which might have been 
made to enter înto the composition of his leather. Thèse 
observations show, that there is some founcliition for the 
vulgaropinionof workmen,concerniiigwhat is tcchnîcally 
called the feeding of leather in the slow method of tan- 
ning ; an<^ thojugh the processes of the art may in some 
cases be protraeted for an unnecessaiy length of time, 
yet, in gênerai, they appear to have arrived, in consé- 
quence of repeated practical experiments, at a degree of 
perfection wliich cannot be very far extcnded by means 
of any elucidations of theory that have as yet been 
made known. 

On the fiist view it appeaiB suigular thal^ in those 
cases of tanning where extractive matter forms a certain 
portion of the leather, the increase of weight is less 
than when the skin is combined with pure tannin ; but 
the fact is easily accounted for, when we consider that 
the attraction of skin for tannin must be probably 
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weakened by its union wîth extraed^ matter; and» 
wheLlier we suppose that thc tannin and extractive 
matter enter tc^ether into combination with the matter 
of skin, or unité with scparate portions of it, still, in 
eithcr case, tbe primary attraction of taimiii ibr aklD 
moBt be, to a certain exte&t» diminished. 

In ^T^fcfnining astringent vegetables in relation to 
tbeir powera of tanning skin» it is neoeasary to takeinto 
account, not only the quantity tbey contaîn of the 
substance pnecipitable by gelaàne» but likewiae the 
quantity, and the nature, of the extractive matter ; and, 
in cases of comparison, it is essential to employ infusions 
pf the same dcgree of concentration. 

It is évident, from the cxpcriments detailed in the 
third aection» that of aLI the astringent substances which 
Jiave been as yet ezamined, catechu is that which oon- 
taîna the lai]^8t proportion of tannin: and» in aup- 
posiog, aocording to die common estimation» diat fiom 
Ibmr to five pounds of common oak baxk are reqnired to 
produce one pound of leather, it appears, from ihe 
various synthctical expcrimcnts, that abuut liait a pouud 
of catechu would aikswor the same purpose.* 

Also, allo-wang for the différence in the composition 
of the différent kinds of leather, it appears, from the 
gênerai détail of facts, that one pound of catechu, for 
tbe common use of the tanner» would be nearly eqnal 
in value to 2;^ pomida of galls» to 7} pounds of the baik 
of the Leicester willow» to 11 pounds of the bark of the 
Spanish chestnut» to 18 pounds of die baark of the elm, 

* Ihl» «itiiiiation agrées veiy well with tlie ezperiments lately made 
by Mr. Porkis, npon fhe tanning powe» of Bombay catcdm in the 
praeettMS of maimActorey and which he haa permitted ma to mention. 
Mr. Pnrkia livund, by the refaits of difi^rent accurate expérimentai fhat 
eue poonl of eateêfan ««a équivalent to aerea or eight of oak bailc 
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io 21 ponnds of tlie bttk cf tlie comman inUowi and to 
'3 poitnds of snDOMKïli. . 

Various mcnstruums have been proj)oscd for ihe pur- 
pose of expeditin<? and improving ihe process of 
tanning, and amongst theiii, iiuic-watcr and the vsolu- 
tions of pcarl-afih; bat as thèse two substances foxm 
compounds of tannin which are not decomposable by 
gélatine^ it followB that tbeir e&oct must be highiy pec^ 
Btcions ; aod tfaeie ifl veiy little leason to suppoee that 
any bocUes will be foond which, at the same time that 
they incteaae the solability of tannin in urater, will not 
likewise diminish its attraction for skin. 



OBSBRYATIONS ON THB PROOESB OF TANNING. 

1. On the DreparaHan of Skia fer TaxnmgJ^ 

In ail the proccsscs for forming leather, the skins are 
depilated, and frecd from fiesh and extraneous matter 
before they are submitted to the action of the tanning 
lixivium. In some cases, \vhen large skins are em- 
ployedy a alight degree of putréfaction îs înduced, for 
the puxpose of enabling the hair to be readily eeparated ; 
bat in gênerai dûs efifect ia piodueed by a mixture of 
lime and water. 

The process by putrefection ia so simple as to requiie 
no conimeni: die epidennis is loosened by it, and the 
celhilar substance that constitutes the bulb of the hair 
softeiied lu such a manner that it may be easily sepa- 
rated ârom the cutis or true skin* 

* [From fhe J«iiniab of tfae Boj«l lutftiitioD, 1808.] 
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When lime is employed, it has been generally sup* 
posed that ît acte by destrojing the epidermis, so as to 
render it soluble în waten This, however, does not 

appt ar to be the case : I exposcd to t^vo ounces of 
lime-water four grains of epidermis, separated iîom 
cow-skin, and whicb bad beea fireed ùom loose mois- 
tiire by blotting-paper ; but afier five days, it appeared 
ratber of laiger yolume than before ; aDd înstead of 
having lest any weight, I îoimà that it had gained very 
nearly half a grain. 

The epidermis has been supposed to consist of coa- 
gulated albumen* In comparing its properties witb^ 
those of the coagulated white of the egg, there was 
a striking analogy perceived between them : both were 
soluble in the caustic alkalies by long exposuie, and 
were acted upon by the acids. 

In examining the circumstance of the action of lime- 
water, and of milk of lime, upon skin, I have always 
obsened that the cuticle is rendeied extremely loose 
and friable after this action ; from which it is probable 
that it combines with the lime, so as to f<»m an in^- 
soluble compound« Tbis may be observed indeed in 
washing the hands with lime-water: the cuticle be- 
comes extremely rough and dry ; whereas, after the 
action of weak alkalinc solutions, which £>nn solublç 
compounds with it» it is found smooth* 

Not only the epidermis» but likevise the soft matter 
at the extremity of the hair, is acted upon by lime ; and 
this eflfect must tend considerably to iaciliiate the pro- 
cess of depilation. Likewise the fat and oily matter 
adhering to the skin» form saponaceous compounds with 
the earth» and thèse compounds are removed with othe? 
extraneous matter» befoxe the skins are submitted to any 
ncw chemical agents. 
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It bas been proposed to use tfae leBidaum of the 
tapping lixivîum, or the ezhausted ooze, for the pur- 
pose of depilation ; but this liquor seciiis to contain no 
substances capable of acting upou tlic epidermis, or of 
looseniog the hair ; and when skin is depilatcd hy being 
expoeed to it» the efiect must really be owing to inci- 
pîent putre&ction. 

Skins, afier being dcpilated aad deansed, are in this 
country generally subjected to other processes of pré- 
paration before tbey are impregnated witb the tanning 
principle. 

The large and thick lûdes which bave undergone 
incipient patrefaction, are introduced for a short time 
into a Btrong ipiusion of haik, vhen they are said by 
the manufacturera to be coloured; and f^r this they 

are acted upon by water imprcf^natcd with a littlc sul- 
phuric acid, or acetous acid foriiied by tlic feniientation 
of barley or rye. lu this case they become barder and 
denser than before, and fitted, after being tanncd, for 
the purpose of forming the stouter kinds of sole-leather. 
The acids are capable of combining both with skin and 
witb tannin ; and it would appear tbat, in this proccss, 
a triple coiïil)lnatîon miist bc effected on the surface of 
the skin, tliough troui theory oiie should be disposed to 
conclude tbat the interior part could be little raodi- 
fied in conséquence of the colouring^ and the action of 
the acids. 

The Hght skins of cows, the skins of calyes» and ail 

small skuis, are treated in a very différent way, being 
submitted for some days to the action of a Hxivium, 
called the graiuer, inade by the inhision of pigeons' 
dung in water. After tbls opération^ they are found 
thinner and soûer than before, and more proper for 
producing âexible leather. 

VOL. II. o 
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\Vhen the infusion of pigeons' dung îs examinèd^ 
afier being fireahly made^ it is foiind ta contain a litde 
carbonate of ammonia; but in a short time it undergoea, 
fennentation, when carbmiic acid and hydro-carbonate 
are given ont bj it, and a small quantitj of acetona acid 
formed. The alkali in the grainer may probably hâve 
some action upon the skin ; it may bc supposed to frec 
it from any cils or calcareous soaps that remaiued 
adhering to it ; but the great eticct probably dépends 
upon the complicated process of fermentation» during 
T^hich the skin loeea its elasticitj, and becomes soft; 
and it is found by tannera^ that dung vhîch has under- 
gpne fermentation is whollj unfit for theîr use. 

I hâve trîed several expérimenta on difiêrent sub- 
stances, as substitutes for the pigeons' dung used in the 
«i^ainer, but without gaining succcsslul rcsuhs. Very 
weak solutions of carbonate of potash and carbonate of 
ammonia secined to softcn con^^ideraljly sinall pièces of 
skin that liad been depilated bj lime ; but whea they 
were tried by Mr. Purkis, in the processes of manu&c- 
ture, the effects were less distinct In the western 
counties of ËngUind the excrément of dogs îs employed 
instead of pigeons' dung» and culver or the dung of 
fowls is in common use. The dung of graminiToroua 
quadnipeds enters only slowly into fermentation, and it 
is uot iuuud efficacious in the process. 

2. On the Jmpregnaiion of Skin toith the Tannin^ 

Prineiph, 

The tanning lixivium or oozc is generallj made in 
this countiy» bj infiising bniiséd or coarselj powdered 
oak bark in water. 

Skins are tanned by being suocessiTcly immersed in 
lixîviums» saturatcd in différent degreea mlh the astrin* 
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gcnt principles of the bark. The lixiviums first em- 
ployed arc iisiially weak j but ior the cumpietiou of the 
proccss Liiey are juade as strong as possibie- 

lu the process of tanning, the skin gains new chemi* 
cal properties; it increases in weight, and becomes 
insoluble in boiling water. 

The infusions of oak baik^ when chemicallj examined, 
arc iuLind to contain two principal substances ; oue is 
precipitable bj sokition of gélatine, made froin glue or 
isinglass; and givcs a dense black with solution of 
common sulpbate of iron. The other is not thrown 
down by solution of gélatine; but it précipitâtes the 
salta of iron of a brownish bladc, and the salts of tin of 
a &wn colour. 

The substance precipitable by solution of gélatine is 
the tanning principle, or the tannin of Seguin. It is 
essential to the conversion of skin into leather, and în 
the process of tanning it enters into chemical union 
with the matter of skin^ so as to form with it an insolu* 
ble compound, The other substance, the substance not 
precipitable by gélatine, is the colouring or cxtractive 
matter; it is capable of entering into union witli skin, 
and it gives to it a brown colour; but it does not 
render it insoluble in boiling water. 

It bas been usually supposed that the inftision of oak 
bark contains a peculiar add called gallic acid; but 
some late experiments render this opinion doubtful : 
and this' princi pie, if it ëxists in oak bark, is in intimate 
coinbination with the extractive or colouring matter. 

In the oômmon process of tanning, the skin^ which is 
chieây.Gomppsed of gélatine^ slowly combines in its 
oiganxsed form with the tannin and extractive matter of 
the infusions of bark ; the greater proportion of its 
increase oi wei^liL is, howcvcr, owing to tannin, and it 
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18 froin tliis substance the leather dérives its charac** 
temtic properties ; but its colour^ and the degree of its 
flexibîlity, appear to be influenced by the quantitj of 
colouring matter that it contains. 

When skin, in larço {|iiantity, is suffered to oxert its 
lull action upon a smali purtion of infusion of bark, 
containing tannin and extractive matter^ the âuid is 
Ibimd coiourleas, It gives no precipitate to solution of 
^ue^ and produoes vcrj little effect upon the salts of 
iron or of tin. 

The tanning priiiciple ol oak bark is more soluble in 
water than the extractive matter. And the relative 
proportion of tannin to extractive matter ismuchgreatei 
in strong iniusions of oak bark» than in weak ones ; and 
when strong infusions are nsed for tanning» a laiger 
proportion of tannin is combined with the matter of 
skin. 

Forçait nkins, and light cow-skins, which are usiiaiiy 
prepared in the grainer» weak lixiviums are used in the 
first part of the process; but thick ox-hides, for the 
purpose of stout sole-leather» are generally kept in 
strong oo2e» preserved constantly in a state approaching 
to saturation by means of strata of bark. 

Calf bkins, and light cow skins, in the usnal process, 
require for iheir fiill imprégnation with tannin from 
two to four montbs» but thick ox-hides demand from 
ten to eighteen months. 

In any case the state of the skin with regard to im- 
prégnation with tannin may be easily judged of, if it be 
eut transversely with a sharp knife: in this case the 
tanned part a})pears of a nutmeg colour; but the un- 
imprcgnated skin retains its whiteness. 

The tanned hides designed for sole-leather» are» while 
dijing» generally smoothed with a stout steel pin^ aad 
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beat ^th a mallet By tbis process they ave rendered 
denser, fiimer, and less penneaUe to water. Calf-dcins 

Brè not subjected to the opération of beating ; and they 

are trcated in ditFerent ways by thc currier, uccording as 
they are needed for différent purposes. 

3, General Remarks relating to the processes of Tanning. 

A very great number of vegetable prodoctions, 
befiides the oak bark, contain the principle essential to 
the convemon of akin into leather: galla» sumach^ the 
bark of the Spanish chesnut^ of the ehn, of the common 
iviliow, and of the Leioester wiUow, the branches of the 
myrtle, tormentil, and heath^ have ail been used in the 
proccss ot tanning. 

Différent methods have been proposcd for cstimatiiig 
the quantity of tannin in difterent vegetable produc- 
tions. Tannin by being dissolved in water, increases 
its spécifie gravity, and the hydrometer has been used 
for estîmatmg the strength of the taoning ooze. The 
results given by thb instrument are^ howe^er^ often 
ftllacious in comparative experiments, in conséquence 
of the présence of extractive matter, and of saline sub- 
stances ; and the action of tlic solution of gélatine 
affoi ds the best indication of the quantity of the tan- 
ning prineipie. 

The solution of gélatine most proper for the gênerai 
purposes of experiments, îs made by dissolving an 
ounce of glue br of isingiass, in tiiree pints of boiling 
water. 

The substance to be examined as to its tanning 

power, may be used in the quantity of two onnces ; it 

should be in a state of coarse powder, or in small frag- 
ments. A quart of boiling water will be suffîcient to 
dissolve its astringent pnnciples. 
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The solution of glue, or prélatine, must be pourcd iiito 
the astriiifrcnt infusion, ti 11 the effect of the précipitation 
is at an end. The turbid liquor must then be pasaed 
tbrough a pièce of blottiDg^paper> whieh bas been before 
weighed. 

When the precipitate has been coUeeted, and the 

papcr dried, the încrease of weight is determined, aud 
about two-fifths of this ïik rease oi weiglit may be taken 
as the quantity of taumn in the ounce of the sub- 
stance ezamined. 

When solution of gélatine cannot be obtained» a 
solution of albumen may be used. It is made bj agi- 
tating the white of an egg in a pint of cold water. It 
dues not pntrefy nearly so rcadilj as tbc solution of 
glue, and it may 1)0 cmploycd with eqiial advantage in 
ezperinicntâ of comparison ; but the composition of the 
précipitâtes it toms ^th tannin, has not as jet been 
ascertained* 

The tanning principle in different vegetables is pos- 

sessed of the same gênerai characters; but it often 
exists in them in states of combination with other sub- 
stances. 

In galls it is in union with gallic acid. In sumach 
it is mized with saline matter, particularlj sulphate of 
lime ; and in the greater number of barks it is in com- 
bination with mucilage and dififerent eztractive and 

colouring mattcrs. 

Lcather tanncd by nicans of différent astringent în- 
iusious, dîffers considcrablj in composition; but it 
seldom contains more than one*third of its weight of 
vegetaUe matter. 

Gallic acid, and saline matters in gênerai, in cases 
when they are combined with tannin, are not absoibed 
with it by skia ; but they remain in their primitive 
fonns. 



Digitized by 



w 



PaOCBSS OF TAKNim * 295 

The leather made firom infusioDs of Aleppo galls» and 
of smnadb, îs composed probably of pure tannin and the 
matter of skîn. Its colour îa very pale, and the increase 

of weiglit is greater tluui in most other cases. 

Extractive, or coloiiring matters, in cases where they 
exist in astringent infusions^ as in the instance of oak 
bark alreadj mentioned, are whollv or partiy absorbed 
with the tannin by the akm* The leather ûom barks in 
gênerai ia oolonred, and contidns différent proportions 
of extractive matter. Of ail the substances that have 
been examiued as to tlieir tanning properties, catcchu 
or terra japonica, is that which is richest in tlic tanmng 
principle. This subatance is the extract of the wood of 
a apecies of the mimosa, which growi abundantlj in 
India; and calculating on its price^ and on the quan- 
titîes in which it may be procured, there is great reason 
to belicvc that it may be made a vaiiiable article of 
commerce. 

In a paper published in the Philosophical Trans* 
aetîons for 1803, a statement is given of the compara- 
tÎTe yalue of différent astnngent substance^ oak bark 
being considered a standard* 

The attraction of tannin for water is much stronger 
than that of any other of the principles usuaîly tbund in 
astringent vegetables ; and the saiurated iniusions ob- 
tained ârom substances contaîning yery différent pro- 
portions of astringent matters, are usually possessed of 
the same degree of strength with regard to the tanning 
powers. 

When saturatcd solutions of the tanning principle are 
used in the process of mnnnfartiirc, the leather is tan- 
ned in a much shorter time than in the common opé- 
ration with weàker infiisions. The rapid method of 
i^nnmQ has bocn recommended by JSdr. Seguin ; and is 
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ably described in a pamphlet published by Mr. Des- 
mond. 

It has howevcr been generally observed» that Icather 
too quîcklj tanned is more rigid, and more liable to 
ciack than leather alowlj tanned. And theie ia ereiy 
reason to believe that ita texture muât be lésa equable, 
as the ezterior strata of skîn wonld be perfectly com- 
bined with tannin before the interior strata werc ma- 
terially acted upon : and the waiit of colouring or ex- 
tractive matter in the strongest lisivium, in many cases 
miist afiect the nature of the leather. 

The sabstancea used for tanning shonld» in ail cases^ 
be presenred in as dry a state as possible before they are 
used. When they are cxposcd to moisture and air, the 
tanning principle by degrees is destroyed in them, and 
for the most part converted into insoluble matter. 

The process of drying bark by heat, when carefuUy 
conducted, mnst» as diere is great reason to beltere, on 
the whole be advantageous. The tanning principle is 
net destroyed at a température below400^. Ând in 
fresh vegetable substances, tanning appears to be some- 
tîmcs dcvcloped or formed by the long application of a 
low beat: this fact I observed with my friend Mr. 
Poole in September, 1802, with regard to acoms ; and 
I bave once made the same renuurk upon the horse- 
chesnat 
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AN ACCOUNT OF PO^fE ANAL^TTCAL EXPEKTMENTS ON A 
MINERAL PRODUCTION FROM DEVON^II IHE.CONSIfiTlNa 
PRI^CIPALLY OF ALUMU(£ AUD WATivii.* 

L PreUminary Observations, 

Tms foflsil was found manj yem ago by Dr. Wavel, 

in a quarry ncar Barnstaple : Mr. Ilatchett, who visited 
the place in 1796, described it as filling; some of the 
cavities and veins in a rock of soft argiliaceouâ schist. 
\^lioTi first made known^ it was consîdered as a zeolite ; 
Mr» Hatchett» however, concluded firom its geological 
position^ that it most probably did not belong to that 
class of stones ; and Dr. Babington, from îts physîcal 
characters, and liuiu some experimcnts on its solution in 
acid, madc at his rcquest by Mr. Stockler, ascertained 
that it was a minerai body, as yet not described^ and 
that it contained a considérable proportion of aluminous 
earth. 

It is to Dr. Babington that I am obliged for the 

opportunity of making a gênerai investigation of its 

chemical nature ; ami diat gentleman liberally supplied 
me with spécimens ibr analysis. 

IL Sensible Characters of the FoasiL 

The most common appearance of the fossil is in smail 
hemispherical groupB of ciystals» composed of a number 
of filaments radiating ùom a oommon centre» and 
inserted on the surface of the schist; but in some 
instances it exists as a collection of irregularly disposed 

* [From Phil. Trans. for 1805.] 
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prisms forminp; small veins in the stonc : as yet I 
believe, no insulated or distinct ciystal has been ibund. 
Its colour is white, in a &w cases with a tinge of gray 
or of green^ and in some picccs (apparcntly beginnîng 
to décompose) of jellow. Its lustre is silkj ; some of 
the spécimens possess semi-transparency» butin gênerai 
it is nearlj opaque. Its texture is loose, but its small 
fragments possess great banlness, so as to scratch 
agate. 

It produccs no cffect on thc smcll whcn brcathed 
upon, has no lasit, dovs iiot becoine eiectrical or phos- 
phorescent by beat or Iriction, and does not adhère to 
the tongue ûll after it has been strongly ignited. It 
does not decrepitate before the flame of the biow-pipe ; 
but it loses its hardness» and becomes quite opaque. 
In conséquence of the minuteness of the portions in 
which it is foundj few of them ezceeding the sise of a 
pea, it îs rery difiîcult to ascertain ils spécifie jE^ravity 
with any précision; but from several trl;ilslam disposed 
to beheve, that it does not exceed 2*70, that of water 
being considered as l'OO. 

III. Chemical Characters of the FossiL 
The perfectly white and semi-transparent spécimens 
of the fossil are soluUe both in the minerai acids and 
in fixed alkaline lixivia bj beat» without sensibly effer- 
vescing and 'without leaving anj notable residuum; 
but a small part remidns undissobred, when coloured or 
opaque spécimens are exposed to the alkaline lixivia. 

A small semi- transparent pièce, actcd on by the 
liiglu st iieat of an excellent forîî:c, had its crystalline 
texture destroyed, and was rendercd opaque ; but it 
did not enter into iiision. After the experiment it 
adheied strongly to the tongue^ «ind was found to bave 
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lost more than a fbiirth of its migHt Water and 
aloohoU whetlier hot or cold^ had na on tlie ûsmSL 
When it was acted on hj a beat of fiom 212^ to 600^ 
Fahrenheit hn a glass tube, it gave ont an elastîc vaponr, 

which -wlieii cuiidenscd appcared as a clcar Iluid posses- 
sinor a slinrht ep^Tcumatic smell, but no taste différent 
Irom tiiat of pure water. 

The solution of tlie fossil iii sulphuric acid, when 
eraporated sufficicntly» deposited crystals which ap- 
peared in thin plates, and had ail the properties of 
foiphate of alumine ; and the solid matter, when le-dia- 
flolved and mixed with a litUe carbonate of potaah» 
glowlj deposited octahedral erystak of alum. The 
solid matter precipîtated from the solution of the white 
and scmi-transparcnt fossil in inuiiatic acidj was in no 
manner acted upon by solution of carbonate of 
ammonia, and thcreforc it eould not contain any glu- 
cine or ittria; and it£ perfect solubility without resi- 
daum in alkaline liziTÎa shewed that it was alumine. 

YHien the opaque varieties of the fossil were iuUy 
exposed to the agency of alkaline lixiviay the residuimi 
ne^er amounted to more than one-twentieth part of the 
weîght of the whole. In the white opaque vaiiety, it 
was merely calcareous earth, for when dissolved in 
murialic acid, not în excess, it gave a white precipitatc 
-when inixed with solution of oxalate of {nninoiiia, and did 
not affect solution of pnissiate of potash and iron. 

In the greeu opaque variety, calcareous earth was 
indicated by solution of ojudate of ammonia; and it 
contained oxyde of manganèse ; for it was not piecipi- 
tated by solution of ammonia ; but was rendered turfoid, 
and of a grcy colonr, by solution of prussîate of potash 
and iron. 

The residuum of the alkaline solution of the yellow 
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Ymetj, irhen diasolved in muriatic acid, produced a 
8ma!l quandty of white solid matter when mixed with 
the flolution of the oxalate of ammonia, and gave a light 
yellow precipitate by exposure to amnionia ; but after 
this, wbeu neutralized, it did not affcct prussiate of 
potush and iioi). so lhat its colouriug matter, as thcre is 
every reason to believe, was oxtfde of iron, 

IV. Analysis oj tlie FosdL 

£igbty grains of the fossil, coDsisting of the whitest 
and motst tnmsparent parts that could be obtained, weie 
intiodaced into a small glass tube, baving a bnlb of suffî- 
cient capacity to receive tbem with great ease. To the 
end of this tube, a small glass globe attached to anotfaer 
tube, comniunicating with a pncumatic mcrcurial 
apparatus, was joined by fusiou by means of the blow- 
pipc. 

The bulb of the tube was exposed to tlic beat of 
an argand-lamp ; and the globe was preserved cool by 
being plaoed in a vessel of cold water. In conséquence 
of this airangement, the fluid disengaged by the heat^ 
became condensed, and no elastic matter coiild be lost. 
The process was continaed for half an hour, when the 
glass tube was quite red. 

A vcry minute portion only of permanently elastic 
-fluid passed into tlic pncumatic apparatus, and when 
examincd, it proved to be common air. The quantity 
of clear fluid coUected, when poured into another vessel, 
weighed 19 grains, but when the interîor of the apparatus 
had been carefiilly wiped and dried, the whole loss indi- 
cated was 21 grains. The 19 grains of fluid had a 
fûnt smell, simikr to that of buming peat; it was 
transparent, and tasted like distiUed water; but it 
sllghtly reddened litmiis paper. It produced no cloudi- 



4 



Digitized by 



Oir WAVBLLiriL 301 

ness in solutions of muriate of barytes, of acétate of lead» 
of nitrate of sÊlyer» or of salphate of iron. 

The 59 grains of solid matter iirere dûsolved in 
dîluted Bulphnric acid> which left no residunm ; and the 

solution was mixed with potash, in sufficient quantity to 
cause thc aluuiiiic at first prccipitatcd agaiu to dissolve. 
What remained iiridissolved by potash, after being col- 
lected, and properly washed, wna lieated strongly and 
weighed ; its quautitj wa^ a grain and a quarter, It was 
white> caustic to the taste» and had ail the properties of 
lime. 

The solution was mixed ndth nitric acid till it 
hecame iowr. Solution of carbonate of ammonia was 
then poured into it till the efiect of décomposition 

ceased. The whole thrown into a filtrating apparatus 
left solid matter, which when carefully washed and 
dried at tlie beat of ignition, weighed 66 grains. ïhey 
were pure alumine: hence, the gênerai résulta of the 
experimentSy when calculated upon, indicated for 100 
parts of tbis spécimen» 



Of alumine 70 

OfUme 14 

Of fluid 26-2 

Loss 24 



The loss I am inclined to attribute to some fluid 
remaining in the stone aftcr thc proccss of distillation ; 
for I have found, froin scveral cxpcriments, that a red 
beat is not sufbcient to expel ail thc matter capable of 
being Yolatilized, and that the fuU eÔect can only be 
produced by a strong white heat. 

Fiûy grains of a yeiy transparent part of the fossil, 
by being exposed in a red heat for fîfteen minutes» lost 
13 grains ; but when they were heated to whiteness» the 
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defidençy amounted to 15 grÉioa» and the case yn» 
simîlar in other triab. 
Di£fefent spedmens of the fossil were examined vith 

great care, for the purpose of ascertaining whether any 
minute portion of fixcd alkali cxisted in theni , but no 
indications of tbis sul>stance could be obscrvcd; the 
processcs wcre conducted by means of solution of the 
unaltered fossil in nitric a^id ; the earths and oxydes 
were precipitated irom the solution by being boiled 
with carbonate of ammonia; and after àieir séparation» 
the fluid waa evaporated to diyness^ and the nitrate of 
ammonia deoomposed by heal» irhen no lesiduum 
occurred. 

A comparative analysis of 30 grains of a very pellu- 
cid spécimen was iniiiie by solution in lixiviuni of potash. 
This spécimen lost 8 grains by long continiied ignition, 
after which it easily dissolved in the Uxivium by beat, 
leasing a residuum of a quarter of a grain only, which 
was red oxyde of iron. The precipitate from the solu- 
tion of potash» made by means of muriate of ammonia, 
weighed» when properly treated» 21 grains. 

Several spécimens were distîlled in the manner above 
described, and in ail cases the water collected had 
mmilar propcrties. The only test by which the pré- 
sence of acid in it could bc dctected, was litmus paper ; 
and in some cases the cfifect upon this substance was 
barely perceptible. 

V. General Obsei-vations, 

I hâve made severai experiments with the hope of 
ascertaining the nature of the acid matter in the water ; 
but from the impossibility of procuiing any consideraUe 
quantity of the fossil» they hâve been wholly nnsuccessfol. 
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It is, however, évident firom the expérimenta already 
detailed» that it îb not one of the knotm minerai addk 
I am disposed to belieye, firom the minntenen of 

îts proportioD, and fifom the différence of thîs proportion 
in ditlercnt cases, that it is not essential to the compo- 
sition of the stone ; and that, as well as the oxyde of 
manganèse, that of iron, and the lime, it is only an acci- 
dentai ingrédient^ and on this idea the pure matter of 
the Ibeail muat he conaidered aa a chemicâl comhination 
efàbtmt ^rti/ parts of waier^ and sevenlf/ of alumine* 

The experiment of M. Théodore de Sausaure on the 
précipitation t of alumine from its solutions, have de- 
monstrated the affinity of this body for water ; but as 
jet I believe no aluminous stone, except that which I 
bave juat deaeribed^ has been found, containing ao kige 
a proportion of water, as thirty parts in the hundred. 

The diaspore which has been examined by M. Vau- 
quelin, and which loses sixteen or seventecn parts 
in the hundred by ignition, and which contains neariy 

* [The fonowing year, ia a letter addressed to Mr. Nicholson £rom 
KiOarney, in Ireland, of tbe 15th Jane, he mentions that he had ascer- 
tained that the «dd reCerred to in the tezt iras the flaoric <'in soch a 
peenliar atale of oombination as not to he xendered soisible by snli^iuic 
acid." — ^Nicholson'fl Journal, vol. 14. p. 967. 

Many yeara after this minerai was dlacoyered hy Fuchs to contain a 
large proportion of pho<îphoric add. According to the analysis of 



Bexzeliius ia lëOO, it is composed — 

Phosplioric acid 33'40 

Fluoric acid 2'OG 

Ahunine , 36.35 

Urne 0'60 

Oxyde of Iran cmd manganèse 1.85 

Water S6*80 



Ann. de Chimie et Phys. tom. xii. p. 19. 
He had no «Ufficolty in detecting finoric acid by the .action of die 
«ulphuric] 
t Journal de Physique^ tom. lii. p. 280. 
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eîgbty of alatiiine> and only Ûaee of oxjde of iion» is 
sapposed by that excellent chemist to be a compound 
of alumine and water. Its physical and cbemical cba- 

racters differ, however, very much from those of the new 

fossil, ami other researches are wantiiig to ascertain 
whether tlie part of it volatilized by beat is of tbe same 
klnd. 

I bave examined a fossil ùom ncar St. Austle, in 
Cornwall^ yeiy sitnîlar to the fossil ùom Bamstaple» 
in ail its gênerai chemical characters ; and I bave been 
infermedj that an analysis of it, made by the Rey« 
William Gregor some months ônce^ proves that it eon- 
siats of similar ingrédients. 

Dr. Babington bas proposed to call tbe fossil from 
Devonsliirc fVavellife, from Dr. Wavel, the gentleman wiiu 
discovcred it ; but if a naine fonnded upon its ( hemical 
composition he ]>icferred, it may be denominated 
Hydrargiiiite ; from và<ap, water^ and àpyOJ<.o$, clay. 



ON A METTIOD OP ANALYZTXG STOXKS CONTAINING 
FIXED ALKALI, BY MEAMS OF TH£ BOBACIC ACIP.* 

I HATE found the boracic acid a veiy useful substance 
for bringing the constituent parts of atones contaîning 
a fixed alkaii into solution* Its attraction for the dif- 
férent simple earths is considérable at the heat of igni- 
tion, but the compounds that it forms with them are 

• [From the Phil. Trans. for I60ô. The Copky medal of this year 
was awarded to the author for the prcccdhig papera published in the 
PhiloMpMeal TraoBtetiona.] 
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easily decompoaed hy the minenl acids disBolTed in 
water, and it is on tbis circumsta&ce that the method 

of analysis is foiindcd. 

The processes arc vcry simple. 

100 grains of the stone to bc cxamincd in vcry fine 
powder, must be fused for about hall au hour, at a strong 
red heaty in a crucible of platina or silver» with 200 graina 
of borocic add. 

An oimce and a half of nitric acid» diluted with seven 
or eight times its quantitj of water must he dîgeated 
upon the fused mass till the whole ts decomposed* 

The fluid must be evaporated till its quantity is 
reduced to an ounce and a lialf or Iwo ounccs. If the 
stonc contain silex, this carth wiW bc separated in the 
process of solution and evaporation, and it must bc col- 
lected upon a filter, and washed with distilled water till 
the boiacic add and ali the saline matter is separated 
from it. 

The fluid, mized with the water that has passed 
through the filter» must be evaporated» till it b reduced 
to a convenient quantity, such as that of half a pînt ; 
when it must be saturated with carbonate of ammonia, 

and boiled with an excess of this sait, till ail the mate- 
rialstbat it contains, cap;il >k of being predpitatcd» have 
faiien to the bottom ot'tlu" vesscl. 

The solution must then be separated by the filter, 
and the earths and metaUic oxydes retaincd. 

It must be mized with nitric acid till it tastes 
atronglj sour, and eyaporated till the boracic add 
appears free. 

The flttid must be passed through the filter, and sub- 

jected to evaporation till it becomes dry ; wbcn, by 
exposuie to a beat equai to 450° Fahrenheit, the nitrate 
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of ammonis will be decomposed, and tbe nitrate of 

potash or soda will remain iii thevessel. 

It will be unnee( ssîirv for me to describe minutely 
the mcthod of obtaiuiug the remaining eartha and 
Bietallic oxydea free finom each other» as I have used 
the common processea, I have aeparated the alumine 
hj solution of potash» the lime bj sulphuric acid, the 
oxyde of iron by succinate of ammonia, the manganèse 
by hydrosulphurct of potash, aud the maguesia by 
pure 8oda« 
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A DISCOURSE 

■ 

I.NTRODUCTORT TO A 00UB8E OF LBCTURS8 ON CH£MISTBY, 

THEATBE OF TH£ BOYAL INSTITUTION', 
ON TBB Un JAMUART, U«i. 



A SYLLABU8 OF THIS COURSE OF LECTUBES. 



OUTLINES OF A COUBâE OF LECTUBES 

ox 

CHEMICAL PIIILOSOPHY. 



[The Intradoetory loetim wbich feUows, and the syllAbiii of leetaici 
of whieh It hnaed • purC, wifh the outiUnet of a oonne of lectnies on 
Chemical pUlosophj, aie selected for inaertion hi thia portion of the 
Author's Worlu <m accoant bofh of the time in whiéh fh^ appeared 
and their nature and object. In point of time, they belong to his early 
productions ; uud aro as ckaracteristic of his scientific youfh, wîth its 
eutiiusiasm and vi'^or, as his essays were of his infancy in science. — 
Desigrned by him for an audience suj>posed to be ignorant of cliernistry; 
and yet enlightcned and refined, for the purpose of rousing attention, 
and cxcitiug an intereat, and giving elementary knowledge, th^ >qPP^ 
well adapted to answer fhe aame pnrpwea to readera of a ainular clasa, and 
to introdnce thoee who are not wéll inatmeted in diemiatiy to Ua otiier 
and lésa éiementaiy writlngs, whidi will follow. To dhemlcal reade» it 
ia hoped| they may not be nnacceptable, aa hiatoiieal ebetchea of the 
then atate of the science Jnst <ni the ère of a great rerolation, nu^ly 
owbig to tiia laboDza.] 
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ADTEBTISEHENT. 

I JLK îndaeed to pnUisli fbe followîiig diaeouise in eonseqnenee of the 
reqimt of a paît of fhe audienca before whom it was ddiTered, the 

acciiracy of whose judf:^ment it would be presumptuous in me to ques- 
tion. It was not orij,Mna]ly intciulcd for the |)rf ss. Tlie subjoct is too 
important ami sublime to bejuatly treated in an ocoasional composition ; 
and the views I have taken were désignée! rathcr ta excite feeliugs of 
interest oonceniiag it, than to give minute informatkm. 

HUMPHRY DAVT. 

mh AptU, 1803. 
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A DISCOURS^ 



C0UB8£ OF LECTURES ON CUEMISTRY, 

Chemistry is tliat part of natural phiiosophj which 
relates to tbose intimate actions of bodies upon each 
other^ by which their appearances are altered^ and their 
individuality destroyed 

This science bas for its objecta ail tbe substances 
found upon oiir globe. It relates not only to tbe 
minute altérations in thc extern al world, wbicb are 
dailj coming under tbe cognizance of onr sensés, and 
wliicb in conséquence, are incapable of affecting the 
imagination, but like^se to tbe great changes^ and 
convulsions in nature, wbicb» occurrîng but seldom, 
excite our curiosity, or awaken our astonisliment. 

Tbe phaenomena of combustion, of tbe solution of 
différent substances in water, of tbe agencies ol lire ; 
thc production of rain, bail, and snow, and tbe conver- 
sion of dead matter into living matter by v^table 
oigans, ail belong to chemistiy ; and, in their varions 
and apparentl y capricious appearances, can be accurately 
explained uiily by au ac(|u;iimaucc witli tbe fundamental 
and jL^eneral chemical prineipics. 

Chemistzy, considered as a systematic airangement 
of £ict8y is of later origin tban most of tbe other 
sciences; jet certain of its processes and opérations 
bave been alwajs more or less connected vith them; 
and, lately, by fumîsbing new instruments and powers 
of investigation, it bas greatly contributed to increase 
their perfection, and to extend their applications. 
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Mechanical philosophy» regarded as the science of 
tbe motions of the masses of matter, in its théories and 
piactices» is> to a certain extent, dépendent upon che» 
mical laws. How in fact can the mechanic calculate 

with acciiracy upon the powers of sollds, fluids, or gases, 
in communicating motion to cach other, nnless he is 
prei^iouslj acquaiated with their particular chemical 
affinities, or propensîties to remain disunited, or to 
combine ? It is to chemistry that he is indebted for tbe 
knowledge of the nature and properties of the sub- 
stances he employs ; and he is obliged to that science 
for the artiiicial production of the most powerful and 
most useful of his agents. 

Natural historj and chemistry are attached to each 
other bj very intimate ties. For while the first of thèse 
sciences treats of the gênerai extemal propert'es of 
bodies, the last unfolds their internai constitution and 
asccrtains their intimate nature. Natural lusiury 
examines the beings and substances of the extcrnal 
world^ chieiiy in their permanent and unchangiog 
forms; whcrcas chemistry by studying them in the 
hiws of their altérations^ deyelopes and ezplams their 
active powers and the pardcular exertions of fhose 
powers. 

Ttîs only in conséquence of chemical discoveries that 
that part of natural liistory which relates to minerai 
substances bas assumed tbe form of a science. Miner- 
slogy» at a period not very distant 6:0m the présent» 
consisted merely of a collection of terms badly arranged, 
according to certain vague extemal properties of sub- 
stances. It is now founded upon a beaulilul and 
methodical classification ; and that chicfly in conse- 
qucncc of the comparison of the intimate composition 
of the bodies it represents with their obvious forms and 
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appearances. The mind of the mineralogist is 
no longer perplexed bj endeavours to dîacover the 

loose aiid varying analogies betvveon the colours, thc 
shapos, and ihe weights of diffcreiiL substances. Ry 
mcaiLs of the ncw method of analvsis, he is fiiraislied 
with instruments of investigation iinmediately applic- 
able, and capable of producing uniform and accurate 
lesulta. 

Even botany and zoologj as branches of natxiral 
hbtoij, though independent of chemîstry as to theîr 
primaiy classification, yet are relatedtoit so far as thej 
treat of the constitution and fonctions of vegetables and 

auiiiials. IIow dcjiendent in fact iipon chemical pro- 
cesses aie the nourishinent and growth of organized 
beings ; their varions altcralions of form, their constant 
production of new substances, and finally tlieir death 
and décomposition» in which nature seems to take unto 
herself those éléments and constitaent piinciples, ivhich 
fijr a ivhile she had lent to a superior agent as the 
oigans and instruments of the spîiit of lîfe I 

And in pursuing this yîew of the subject, medicîne and 
physiology, those sciences which connectthe préservation 
of thc hcalth of the human bciug \vitli thc abstmse philo- 
SOphy of or<j;anized nature, will befound to bave dcrived 
firom chemistry aiost of their practical applications, and 
many of the analogies which have contributed to give to 
their scattered facts order and systematic arrangement 
The art of preparing those substances which operate pow* 
erfully upon animal bodies, and which aocording to their 
différent modes of exhibition are either efficient remé- 
dies or active poisons, is purely chemical. Indeed the 
wunt of an acquaiii Lance with scientifîc principles in 
the ])roces>i .s uf pliarmacy has often been })roductive of 
daugerous conséquences; aud the study oftlie simple 

YOL. XL P 
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and unvarying agcncics of dead mattcr onght surely to 
précède investigations conceminp: the mystcrious and 
complicated powers of life. Kriowint^ very littlo of tlie 
laws of his own existence, man has nevertheless derived 
some uscful information firom researches concenmig the 
nature of respiration ; and the composition and propcr- 
ties of animal oigans even in their dead state. And if 
the connection of chemistxy \nth ph jsiologj has given 
lise to some yinonaiy and seductive théories ; yet even 
this cimimstance has been nseftil to the pobHc mind in 
excitiiigit by doubt^ and m Icadiiig il lo iiew investiga- 
tions. A rL'])roach, to a certain degree just, has been 
tiirowu upon thosc doctrines known by the name of 
the chemical physiology; for in the applications of 
them, spéculative philosophers have been guided rather 
by the analogies of words than of facts. Instead of 
slowly endeayouring to lift up the veil concealing the 
wonderful phœnomena of living nature; fiiU of ardent 
imaginations, they have 7ainly and piesumptuoudy 
attempted to tear it asunder. 

Though astronomy in its subHmc vicws, and its 
mathematical principles, is far removed from cbcuiistry, 
yet to this science it is indcbted for many of its instru- 
ments of experiments. The progress of the astronomer 
has been in some measure commensurate with that of 
the chemical artist, who, indeed, by his perfection of 
the materîals used for the astronomical apparatus, has 
affoided to the investigadng philosopher the means of 
tracîng ihe révolutions of the planets, and of penetrating 
into spacc, so as to discovcr the forms and uppearances 
of the distant j)art.s of tlie universe. 

It would be unnccessary to pursue this su])jcct to a 
greater extent. Fortunately for man, ail the diÛerent 
parts of the human mind are possessed of certain har- 
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monious relation- : ami it is cveri diflitult lu ùraw tlie 
linç of distinction bctwecn tiie sciences; Ibr as they 
hâve for their objects onlj dead and liviDg nature» and 
as tbej consist of exprcasîons of facts more or less 
analogoitty they muât ail be pooseased of certain ties of 
connection, and of certain dependenciea on each other. 
The man of tnie gentos who étudies science in conse* 
quence of its application, — pointing out to himself a 
definitc end, will makc use of all the instruments ot 
im'esti«;atioii wliieh are iiecessar^- for his purpopes ; and 
in the search ot discoTcrr, he will rallier pursue llic 
plans of his own mind than be iimited by the artillciai 
divisions of language. FoUowing extensîve vicv"^, hc 
will combine together mecbanical» chemical^ and phyai- 
ological knowledgCy whenever thia combinatîon may be 
easential; in conséquence hb fiicts ivill be connected 
together by simple and obvious analogies, and in study- 
ing onc class of phœnomena more particularly, he will 
not nciïlect its relations to othcr classes. 

But ehemistry is iiot valuahle bimply in its eonnec- 
tions with the sciences, some of which are spéculative 
and remote irom our habituai passions and desires; it 
applies to most of the processes and opérations of 
common life ; to those processes on which we dépend 
for the gratification of our wants» and which in consé- 
quence of their perfection and extension by means of 
scientific princi|)le8, have becotne the sources of the 
most refined cnjoyments and délicate pica:>ures of 
civilized society. 

Agriculture, to which wc owe our uieans of subsist- 
ence, is an art intimately connected with chemical 
science. For though the common soi! of the earth will 
produce vegetable Ibod» yet it can only be made to pro- 
duce it in the greatest quantity, and of the best qusïityi 

p2 
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iii conséquence of the adoption of methods of cultiva- 
tion dépendent upon scientific principles. The know- 
ledge of the composition of Boils» of the food of 
vegetables» of the modes in which their products must 
be treatedy so as to become fit for the noorishment €i 
animais, is essential to tlic ciiltivation of kuul ; and his 
excrtions are pioiital)Ic' and useful to society, in propor- 
tion as he is more of a chemical philosopher. Since, 
indeed» this truth has been understood, and since the 
importance of agriculture bas been generaUj felt, the 
character of the agriculturist bas become more dignified 
and more refined. No longer a mere machine oflabour, 
he has learntd to think and to reason. He is aie of 
his usefulness to his fellow-men ; and he is become at 
once the frîend of nature and the friend of society. 

The working of metals is a branch of technica] che- 
mistiy ; and it would be a sublime though a dîffîcult 
task to ascertain the efFects of this art upon the progress 
of the human luliui. It has aflbrded to man the powers 
ofdcfence against ravage animais; it has enabled him 
to cultivate the ground, to buiid houses, cities, and 
ships» and to model much of the surface of the earth 
after his own imaginations of beauty. It has fumished 
instruments connected not onlj ynûx bis sublime enjoy- 
ments, but likewise with his crimes and Hîs miscries ; it 
has enabled him to oppress and destroy, to couc^uer and 
protect, 

The arts of bleaching and dyeing, nirhich the habits 
and fashions of society bave made important are purely 
chemicaL. To destroy and produce colours, to define 
the causes of the changes they undergo, and to exhibit 

the modes in whicli they may be icudcrcd durable, 
deniand an intimate acquaintance with chemistrv. The 
artist who merely labours with his hands^ is obiiged to 
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theoiy fi»r bis diacoveiy of the moet useful of his prac- 
tices ; and pennanent and brilliant omamental colours 
whîch rival the most beautifiil tints of nature, are 

artificially composed from their éléments hy lucaiis ot 
humaa inventions. 

Tanning and the préparation ot leatlicr arc chemical 
processes, which, though extrcmcly simple^ are of 
great importance to society. The modes of impregnat- 
ing skîn with the tanning principle of the vegetable 
kiBgdomy 80 as to render it strong and insoluble in 
water^ and the methods of preparing it fi>r tbis impreg^ 
nation baye been reduced to scientific principles. And 
if the improvements remiîting from new investigations 
bave not been uniluniil^) aJoptcd by itianuliicturers, it 
appears to bc owinir rathcr to the difficulty occurriug in 
indncing Avorkmen to forni new habits, to a want of 
certain explanations of the minutiœ of the opérations» 
and perbaps in some measure to the common préjudice 
agaînst novelties» tban to anj defect in tbe gênerai 
tbeoiy of fbe art as laid down by chemical phUosophers, 
and demonstrated bj tbeir experiments. 

But amongst tbe chemical arts, few perbaps are 
more important than those of porcelaiii and glass 
making. To thcm we owc many of tliose clcgant vcssels 
and utensils which have contributcd to tlic hcalth and 
delicacy of civilized nations. They have fumished 
instruments of experiments for most of the sciences» 
and consequently have become tbe remote causes of 
some of tbe discoveries made in tbose sciences. Witb** 
ont instruments of glass, tbe gases could never bave 
béen discovered, or tbeir combinations ascertained ; tbe 
minute forms and appearances of natural objccts could 
not have been investigated ; and, lastly, the sublime 
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researches of thc rnotleriis concermug beat and light 
would have been wholly lost to us. 

This subject migbt be mucb enlaiged upon; Ibr ic 
is difficult to examine any of our cominon opérations or 
labours without finding tbem more or less connected 
with chemistry. By means of this science iiiaii lias 
employed almost ail the substances in nature either for 
tbe aati&&u;tion of his wants or the gratification of his 
Ittxuries. Not contented witb wbat is found upon the 
snrfiu» of tbe earth» be bas penetrated into ber bosom^ 
and bas even searcbed tbe bottom of tbe océan for tbe 
purpose of allaying tbe resdessness of bis desires, or of 
extending aud increasing his power. He is to a 
certain extent mler of ail thc éléments that surround 
bim ; aud be is capable of using not only commoa 
matter according to bis will and inclinations, but like- 
wise of subjecting to bis purpoees tbe etbereal principles 
of beat and ligbt By bis inventions tbey are elicited 
froni thc atmosphère ; and under bis control tbey 
becoinc. according to circums tances, instruments of 
comfort and enjoymcnt, or of terror and destruction. 

To be able indeed to form an accurate estimate of 
tbe eflbcts of cbemical pbilosopby^ and tbe arts and 
sciences connected witb it> upon tbe buman mind^ we 
ougbt to examine tbe bistory of society, to trace tbe 
prop^ress ui' iiu^iruvcinent, ur uiorc immediatelj to com- 
pare tho uncultivatcd savage with tbe being of science 
and civiiization. 

Man, in wbat is called a "^tntc of nature, is a créature 
of almost pure sensation. Cailed into activity only by 
positive wants» bis liiè is passed eitber in satisfying the 
crâvings of tbe common appetites, or in apatby, or in 
slumber. Living only in moments he calculâtes but 
little on futurity. He bas no vivid feelings of bope» or 
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thoughts of permanent and powerfal action. And 

unablc to discoTcr causes, lie is citlicr iiani^scd hy 
superstitions drcams, or (juictly and passivcîy siibmissive 
to the mercy of nature and tlie éléments, liow différent 
is man informed through the beneficence of the Deity, 
bj science and tbc artsi Knowing his waots, and 
being i^le to proyide for them, he is capable of antici- 
pating fiiture enjoymenta, and of Connecting hope with 
an infinité variety of ideas. He is in aome measure 
independent of chance or accident for his pleastires. 
Science has given to him an acquaintance with the 
différent relations of the parts of the external world; 
and more than that, it has bestowed npon bini powers 
which may be almost caUed créative; which bave 
enabled him to modify and change the beings sur- 
Tounding him, and by his expérimente to interrogate 
nature with power^ not simply as a scholar» passive and 
seeking only to understand her opérations, but rather 
88 a master, active with his own instruments* 

Bnt, thougli improred and instructed by the sciences, 
we must not rest contcntcd with what has been done ; 
it is necessary that we shuuld likewise do. Our enjoy- 
ment of the fruits of the labours of former tinies should 
be rather an enjoyiuent of activity than of indolence ; 
and, instead of passively admîring, we ought to admire 
with that feeling which leads to émulation. 

Science has done much for man, but it is capable of 
doing still more ; its sources of improvement are not yet 
exhausted ; the benefits that it has confbrred ought to 
excite our hopes of its capability of conferring new 
benefits ; and in considering the progressiveness of our 
nature, we may reasonably iouk iorward to a state 
of greater cultivation and happiness than that we at 
présent eujoy. 



Digitized by Google 




320 A DISCOUfiSE INTBODUCTOBY TO A 

As a branch of sublime philosopby, chemistry is far 
iicjiii Ijcinjy perfect. It consista of a nuiuber of collec- 
tions of facts connectcd together by différent relations ; 
but as yct it is not fumished with a précise and beau- 
tiful tbeory. Tbough we can perceive> develope» and 
even produce^ by means of our instruments of ezperi- 
ment, an ahnost infinité variely of minute phœnomenay 
jet we axe incapable of detennining the gênerai laws 
by which they are govemed; and in attemptîng to 
define them, we are lost in obscure, tliough sublime 
imagination.s conceniing uuknowu agcucics. That they 
uiay be discovered, liowever, tbcre is every reason to 
believe. And who would not bc ambitions of becoming 
acquaintcd witb the most proibund secrets of nature, 
of ascertaining her hidden opérations, and of exhibiting 
to men that System of knowledge which relates so 
intîmatel j to their own phy sical and moral constitution ? 

The future is composed merel y of images of the past, 
connected in new arrangements by analogy, and modi- 
fied by the circumstances and feelings of the moment; 
our hopes are founded upon our expérience; and in 
reasoning concerning what may be acconi])lished, we 
onght not only to consider the iiuuieiitie field oï researcli 
yet unexpiored, but likewifie to examine the latest 
opérations of the human mind, and to ascertaîn the 
degree of its strength and actiyity. 

At the beginning of the seventeenth centuiy very 
little was known concerning the philosopby of the intî* 
mate actions of bodîes on each other; and before this 
time, vague ideas, su|)erstitious notions, and inaccarate. 
practices, were the onlyeffects of the first eflforts of the 
mind to establish the foundations of chemistry. Men 
either were astonished anddrluded by their first inven- 
tions so as to become visionaries^ and to institute 
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researches after îmaginary things, or they empîoycd 
theni as in&triunents for astonîshing and deluding others, 
inliucnced by their dearest passions and interests, by 
ambition, or the love of money. Hcnco arose the 
drcams of alcberay concernîng the philosc^her's gtone» 
and the elizir of life. Hence, for a long whîle the other 
metals were destroyed or rendered useless by expéri- 
menta désigned to transmute them into gold ; and for 
a long while the mcans of obtaining earthly îmmortalîty 
were soupjht for amidst the unhealthy vapours of tlie 
laboratory. Thèse views of things have passed away, 
and a new science has gradually arisen. The dim and 
imcertaîn twilight of discovery, which gare to objects 
&lse or indefinite appearances» has been sncceeded by 
the steady light of truth, which has shown the extemal 
world in its distinct forms, and in its u ae relations tO 
human powers. The composition of the atmosphère, 
and the properties of the gases, have been asccrtaincd ; 
the pbflmomena of electricity have been developed; 
the lightnings have been taken ùom the clouds ; and 
lastly, a new influence has been dîscoyered» which has 
enabled man to producc from combinations of dead 
matter effects which were formerly occasioned oniy by 
animal organs. 

The human mind has l^een lately active and power- 
fal ; but there is yeij Uttle reason for believing that the 
period of its greatest strength is passed ; or eyen that it 
has attaîned its adtdt state. We find in ail its exertîons 
not only the health and vigour, but likewise tlie awk- 
wardness of youth. It has prained new powers and 
&culties ; but it is as yet incapable of using thcni with 
readîness and efficacy. Its desires are beyond its abili- 
tîes ; its différent parts and oigans are not firmly knit 
togeâier^ and they seldom act in perfect unity. 

p5 
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Uniess âny great phyncal dianges diould take place 
apon thB glob^die peniuyiency of the «rti and sdenoes 
is rendered oertain, in oonsequeiice of the diffusion of 
knowledge by meana of the invention of printing ; and 

those words which are the immutable instruments of 
ihoughtj are become the constant and widely-diffused 
nourish nient of the mind, the preservers of ils health 
and energy, Individuals, in conséquence of interested 
motives or false views, may check for a time the (Mto- 
giesa of knowledge; moral causes may produce a 
momentary sliimber of the public spirit ; the adx^lion 
of wild and dangeroos theoriee» by ambitions or dduded 
men, may thiow a temporary oppiobrium on Utetature; « 
but the influence of truc philosophy will never be 
despised ; the germs of improvement are sown in minds 
cven where they are not perçeived, and sooner or later 
the spring-time oi their growth niust arrive. 

In reasoning conceming the future hopes of the 
human species, we may look forward with confidence to 
a State of society in which the dtâferent oxdera and 
classes of men will contribute more effectually to the 
support of eac^ otiber than Uiey bave hitberto donc. 
This State indeed seems to be approadbing fiust ; for in 
conséquence of the multitiplication of the means of 
instruction, die nan of science and the manu^tnrer 
aitï daily bccorning more nearly a.ssimilated to each 
other. The artist who formerly affected to despise 
scicntific principies, becausc be was incapable of per- 
ceiving the advantages of them, is now so far enlight- 
eoed» as to fiivour the adoption of new processes in his 
art, wh^ever they are evidently connected with a 
diminution of labour. And the increase of projectcm» 
evento toc great an estent» demonstrales the enthu- 
sîasm of liie public miad in itB seaidi afber improve-* 
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ment The arts end edencee tlBO axe in a high degree 
cnlthrated, and patronised by the rich and privileged 

orders. The guardians of cîvilization and ci remuement, 
the most powcrtul md respcctcd part of sucioty, are 
daily f^iow iiiii nuoe attentive to the realities of hfc ; 
and, givingup niany of their nnnecessary ciiioyinents in 
conséquence of the désire to bc iisefui, are bccoming 
the fiiends and protectors of the labouring part of the 
eonununîty. The unequal division of propertj and of 
labonr» the différence of rank and condition amongst 
mankind» are the sources of power in eÎTiliaied its 
moving canses, and even its very soul ; and in consider- 
ing and hoping that the human species is capable of 
becominp: more enhghtencd aud more happy, "we can 
only cx]>cct that the ^rcat whoîe of society phoiild be 
ultiimitely ronju cted together by mcans of knowledge 
and the usctul arts ; that they sliould act as the children 
of one great parent, with one determinate end, so tiiat 
no power may be rendered useless, no exertions tbrovn 
sway. In this view we do not look to distant âges» 
or amuse oonelves with brîUiant, though delusiye 
dreams conceming the infinité improveabîlity of man, 
the annihilation of labour, disease, and even death. Bat 
we reason by analogy from simple facts. ^V e consider 
Oiily a bVdtù of Luman progression ariëiug ont of its 
présent condition. Wo look for a time that wc inay 
reasonably expect, for a bright d^y of which we ahready 
behold the dawn. 

So far our considérations have been gênerai ; so far 
we have ezamîned diemiatry chiefly with regard to its 
gneat agency upon the improvement of society, as 
connected with the increasing perfection of the difl^ent 
brandies of naturel philosophy and the arts. At pré- 
sent it reinains for us only to investigate the effects of 
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the study of thÎB srîence upon particular minds, and to 
ascertain its powers oi iiicreasing that happiiicss which 
anses ont of the private feelings and interests of 

indivkinal^^. 

The quantity of pleasure which we aie capable of 
ezperiencing in life appears to be in a great measuie 
connected with the number of independent Bources of 
enjoyinent in our posseBfiion. And though one great 
object of deaixe, connected with great exertions» mnst 
more or less employ the most powerfiil fiiculties of the 
soul ; yet a certmn variety of trains of ^ling and of 
idcas is essentiiil to its hcalth and permanent activity. 
In considering the relations of the pursuit of chemistry 
to this part of our nature, we cannot but perceive that 
the contemplation of the varions phaenomena in the 
extemal world is eminently fitted for gîvîng a perma- 
nent and placid enjoyment to the mind* For the rela- 
tions of thèse phaenomena are perpetnall y changing ; 
and consequently thej are nniformly obliging us to 
alter our modes of thinking. Also the théories that 
represent them are only approximations to trath ; and 
they do not fettcr the mind by givlng to it impUcit 
coutidence, but arc rather the instruments that it em- 
ploys for tlie purpose of gaining new ideas. 

A certain portion of physical knowledge is essential 
to our existence ; and ail efficient exertion is founded 
upon an accurate and minute acquain tance with the 
properdes of the différent objects surrounding us. The 
germ of power indeed is native ; but it can onlj be 
nourished by the forma of the extemal world. Hie 
fbod of the imagination is supplied by the sensés, and 
ail ideas cxisLÎng in the human mind are représentations 
of parts of nature accurately delineated by memory, or 
tinged with the glow of paâsion^ and iormed into new 
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combînations by fancj. In this view researches con- 
ceming the phœnomena of corpuscular action may be 
said to be almost natuial to the mind, and to anse out 
of ita instmctive feelings. The objecta that are nearest 
to man ai^e the fiist to occup j his attention : irom con- 
âdering their agencies on each other he becomes capable 
of predîctîngj effects ; in modifying thèse efFects he gains 
activity ; aiui ï^cience becomes the parent of the streugth 
and inclepcndence of his facnUies. 

The appearances of the greater number of natural 
objecta axe originally delightful to us, and they become 
still more ao^ when the lawa b j which they are govemed 
are known, and when they are aaaociated with ideaa of 
order and utîlîty. The study of nature, therefore, in 
her varions opérations must be always more or less 
coniiected with the love of the heautifiil and su])hme ; 
and in conséquence of the estent and indefiniteness of 
the yiews it présents to us^ it ia emînently calculated to 
g^ratify and keep alive the more powerful paaaiona and 
ambitions of the aoul, which» delightiiig in the anticipa^ 
tion of enjoyment, îa never satiafied with knowledge ; 
and which is as it wcrc nourished by iuturity, and 
rendered strong by hopc. 

In common society, to men collected in great cities, 
who are wearied by the constant récurrence of aimilar 
artificial pursaita and objecta, and who are in need of 
aourcea of permanent attachment» the cultivation of 
chemistry and the physical sciences may be eminendy 
bénéficiai. For in ail theh- applications they exhibit an 
almost infinité variety of efFects connected with a sim- 
plicity of design. They demonstrate that every being 
ia intended for some definite end or purpoae. They 
attach feelinga of importance even to inanimate objecta; 
and they furniah to the mind meana of obtaining 
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enjojment imooniiected with the labour or miseiy of 

others. 

To the man of business, or of mcciiumcal cmploy- 
ment, the pursuit of expérimental rescarcii may afford a 
simple pleasure, unconnected with the gratification of 
unnecessaiy wants^ and leading to such an expansion of 
the fiiculties of the mind as mnst give to it dignity and 
power. To the refined and feshionable classes of socîetj 
it may becornc a source of consolation and of liappiness, 
in thosc moments of solitude, when the common habits 
aad passions of the world are considcrcd with indiffér- 
ence* It may destroy diseases of the imagination^ 
owing to too deep a sensibility ; and ît may attach the 
affections to objecta, permanent important, and inli* 
mately related to the interests of the human ^cies. 
Even to pcrsons of powcrful minds, who are connccted 
with Society by litorary, political, or moral relations, an 
acquaintance with the science that represents the opér- 
ations of nature cannot be wholly useless. It must 
strengthen tlieir habits of minute discrimination ; and 
by obliging them to use a language represendng sunpie 
fkctfl, may tend to destroy the influence of terms con- 
nccted only with feeling. The man who has been 
accustomed to study nataral objecta pliilosophically, to 
be perpetually guaiding against the delusions of the 
£uicy» will not readily be induced to multiplj words so 
as to foiget thuigB; From obserring in die relations of 
inanimate things fitness and utility, he will reasôn 
with deeper révérence concemîng beîngs possessmg 
Hfe; and perceiving in ail the phenomcna of the 
universe the designs of a perfcct intelligence, he will be 
averse to the turbulence and passion of hasty innovations, 
and will unifonuly appear as the ûiend of tranquîllity 
aad order. 
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ADVEBTISEMEiVT. 

It gencrally admitted that the beat mcthod of teaching the sciences 
i$ to begiu with simple facts,andgradaally toproceed from them to tbe 
more complicated phœiiomena. 

In the following pages, whieh contaiii the Outliiies of a Course of 
Lectures on Chemistry, au attempt has been made to employ such a 
method. Ilence the abstrase doctrines conceming tbe Impondérable 
flnids bave been separated from the history of simple chemieal aeti(Mi; 
and fhe applications of the science from the science itself. 

The c toa giflc ation of subetanees adopted, is founded rather npon facts 
thaa analogies ; and in oonsequaieey certain bodies hâve been plaeed 
amongst fhe simple piinciplee, whleh, from fhdr TesemMance to ofher 
bodies of known composition, baye been generaUy arranged in the dass 
of eompovnâs. 

lliiB is an imper&etiom, but on fhe ptindples assnmed it conld not 
ea^y be avolded. And it wiU be fortnnate for fhe Anthor if a diseem* 
ing public shoold not dlsoover many more important imperfections. 

H0HPHBY DAYT. 

BOTAL iKaTITUTIOXr, 

JanMary ^h, 180S. 
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PART L 

THE CH£MISTBY OF PONDERABLE SUBSTANCES. 

DIVISION I. 

OF THE CBSmCAL FOWEBS» AIXD THE MODES OF THEIB 

AFFUGATIONS. 

L (}f the ffeneral Logic of Science, 7 

The sciences are classes of diôercnt ikcts associated 
together by analogy. 

The théories which represent them are connected 
propositions^ in which, by means of that faculty of the 
mind named abstraction^ one tenn is made to represent 
a niimber ot utiier terms, wliicli tlieuiselveîs staud for 
ideas. 

By means of artiiicial arrangements or théories^ the 
business of tbinking îs materially expedîted ; nnd the 
power of calculating conoemîng new relations of facts, 
lendered simple and easy. 

2. Ofihc Nature ofChendgtry. 
Chemistry is that part of the science of nature which 
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relates to thosc intimate acrions of bodics upon cach 
other, by which tiicir appearaiices axe altered and their 
individuality destroyed. 

The knowlcdge of those actions is derived from our 
sensations ; and the &ct8 that represent them are classed 
aocording to the corpuscolar theoty. 

3. OfÛte QnrputetUar Theùry, 

The différent bodies in nature are composed of par- 
dcles or minute parts^ individually imperceptible to tbe 
sensés. When thèse particles are sîmllar, the bodies 
they coDstitute are denominated simple^ and when thej 
aie dissimilar, oompound. 

The chemical phaenomena resuit firom the difierent 
arrangements of the particles of bodies : and the powers 
that produce thèse arrangements are repulsion or the 
agency of beat, and attraction. 

By répulsion, the particles of bodies tend to separate 
firom each other. 

By attraction^ they tend to come in contact with cach 
other. 

* 4. 0/ the jt*ower of Répulsion or Calorie, 

The expanding power, or the power of répulsion» îs 
capable of being communîcated by the particles of one 
body to tliose of otlicr bodies; and the laws ofîts com- 
munication constitute the laws of température. See 
Part IL Div. I. 

It acts in uniform opposition to attraction ; and the 
peculiar forms of aggregation in bodies dépend upon 
the différent agencies of thèse powers. 

Bodies ezist either in the soiid^ fluide or aëxîfonn states; 
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aod, accordii^ as thcy are made to receÎTe, or oommu- 
nicate the power of reputeion^ thcy cxpand or contract. 
Solidây on a certain incre&8e of the vepulsÎTe power of 
theîr partides» become flnids, and fluids, gases. Like- 
wise, by a diminotioxi of repukÎYe power^ gases become 
fluids, and flnîds, solids. 

Tlic cause of tlic ])hïenomena of répulsion lias bccii 
latcly scnerally named calorie; and it is, hy a iiuiiibcr 
of pl)iio>ophers^ supposed to be a pecuUar ethereal 
substance. 

6. OJ AUracUoH, 

Attraction eîther actsupon similar partides, and then 
it is denominated the attraction of aggregation, or upon 
dissimilar particlcs, when it is named the attraction of 
composition, or cliemical affinity. 

The most important gênerai facts relating to the 
attraction of composition may be classed in six propo- 
sitions. 

(1) The attraction of composition is capable of uniting 
a number of dissimilar particles. 

(2) The particles of diflèrent simple bodies hâve dif* 
ferent affinitics for each other« 

(3) The agency of the attraction of composition on 
the particlcs of bodies, is inversely as that of the attrac- 
tion ofiiggrcgation. 

(4) The force of the attraction of composition ib- 
inliuenced by the numbers of the combining particles; 
i. e. by the masses of the acting bodies. 

(5) The forces of the attraction of composition in 
di£ferent substances» are diminished in différent ratios, 
by the agency of calorie or the power of repulsion. 

-(6) In ail cases of combinatiout the volume of the 
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combining bodies is either diminÎBhed» or increafled; 
axiàf in gênerai, in conséquence^ thej gain a power of 
increasii^ or diminishing, respectively the volâmes of 
the bodîes f n contact -wîth them ; or, in common lan- 

guage, calorK' is either given out, or absorbée! duiing 
chemicai combinadon. 

6* Of Chemkal OperaHons* 

Thocigh the powers of attraction and répulsion are 
parts of an arbitrary System, yet the laws by which they 
are supposed to act are simple expressions of &cts. 
Guided by those laws, the cheroist is capable of imitating 

the opérations of aaiure, and of producing new ope- 
ralions, so as to exhibit certain substances or prin- 
ciples apparently simple, and to ascertain their combi- 
nations. 

The methods by which thèse purposes are effected, 
are synthesis and analysis. 

By synthesis compound substances are formed by the 
artiftdal union of different principles. 

By analysis compound substances are resolved into 
their constituent principles. 

7« Cf the Instruments qf Experimeni. 

To effect chemicai compositions and décompositions, 
nothing more is requixed than to bring the partides of 
the bodies, which are the subjects of expetunent, into 
the sphère of their mutual attractions. 

Towards thts end, the mechanical division of them 
into small parts is employed ; and likewise, in certmn 
cases, the agency of calorie. 

Thç vçsseU in which bodies are operated upon. 
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must be composed of substances for which they hare 
no affinîtj. 

The most important instnunentB in the chemical 
apparatn% are, fumaces» lamps, cnidbles; mercurial 
and water pneumatic troughs, and gasometers ; gradu- 
ated glass jars, re torts, rcceivcrs ; the balance, the air- 
punip, the electrical machine, tlic baiometer, and the 
thennometer. 



DIVISION IL 

OF UNDECOMPOUNDED ST'BSTANCBS OB SIMPLE 

PKINCIPLli^S. 

1. Of the Classification of Uiidecompounded Substances» 

TïioLXiH the corpuscular theory supjiusos the existence 
of bodies composed of siniilar paiticlcs, yet we are not 
certain that any sucli bodies havc becn yet examined. 
The simple principles of the cheoùsts are substances 
which havc not been hitherto composed or decomposed 
by art; and they are éléments, only in relation to other 
known substances. 

As the j are the sensible agents of chemistiy, before we 
can examine the nature of compound bodies, or parti- 
cuhir phaînomena of composition or décomposition, it is 
necessary that wc should be acquaintcd with tlieir 
charaeteristic propertics, and with certain of the modes 
in which they are prociired. 

Forty-two simple principles are at présent acknow« 
ledged. Considered with regard to the similarity of 
some of their physical properties» they may be divided 
into six classes : L Permanent gases possessed of no 
acid properties. IL Solid inflammable bodies having 
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no metallic properties. III. Metals. IV. Earths. 
V. The fixed alkaline substances. VL The undecom- 
potinded acids. 

2. Firët Class, 

The first class of simple substances contaîns orây 
three bodics — oxygen, hydrogen, and nitrogen. They 
are permanent gases at ail known températures. They 
have no taste^ smell^ or colour, and are verj little absorb- 
able by water, 

(1) Oxygen qas constitutes j- part of the air of tfae 
atmosphère. It is produced -pvaae firom oxygenated 
niuriate of j)otash by beat It eminently supports com- 
bustion. The cubic inch \vei<!;Us '34 pts. of a grain, 

(2) Hydrogen g as is produced when water is inade 
to act on ignited zinc or iron* It bums when intenselj 
heated in contact mth oxygen; and is the lightest of 
the known gases, weighing, in the cubic incfa^ only 
•024 pts. of a grain. 

f3) Nitrogen g as constitutes about ^ of the atmo- 
splirre. Il is evolvcd during the action of nitric acid 
ou animal substances. It is not inflammable ; it does 
not support combustion. A cubic inch of it weighs 
about *3 pts» of a grmn. 

3. Second Class, 

Phosplionis, sulphur, and carbon, conjjH>se the second 
class of slDiplc principlea. Thèse bodies do not diii'er 
considerably in thcir spécifie gravities, and are noncon- 
ductors of electricity» and insoluble in water. 

(1) Phosphorus is obtained firom phosphoric add by 
means of ignited charcoal. It is transparent Its 
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coloiir is light yellow; an il îti^ spécifie gravity is to that 
of water as 2*033 to 1. It becomes liquid at the tem- 
pérature of 99® Fahxenheity and aërifonn at that of 554^. 
It buins with a feeble blue flame in the atmoepheie at, 
or even below, 50% and with an intenseij idvid light at 
1220. 

(2) SuLPUL'R is fuuud abuDclantly in nature, and it 
niay be procured iii a very pure forni frum sul})hurct of 
potash by meaus of muriatic acid. It is of a bright 
yellow colour. It melts at a beat a little above that of 
boiling TOter^ and becomes aëriform at 600^ Fabrenheit, 
At a température scaroely above that of its fiision it 
bums with a feeble blue flame, and at the beat of îgni- 
tion with an intensely vivid flame* Ita spécifie gravity 
is about 2. 

( 3) Carbon is Ibund pure in ualmc, iii the l'oriu of 
diamond ; but it Las not jet bceu produccd l'rom any of 
its compoiinds. It is, perhai)3, the hardefet known 
body ; it is extremely transparent It bums at a very 
high température; and after becoming biack and 
opaque» is converted into gas. Its spécifie gravity is 
aboat 3'd. 

4. Third Class, 

liie metaîs at présent known amount to twenty-one. 
They are platina» goid, silver, mercury, copper, tin, 
lead, iron> zin<^ antimony, bismuth, arsenic, cobalt, 
nickel, manganèse, tungsten, uranium, molybdena» tita- 
nium, tellurium, chrome. 

The metals are po^iessed of spécifie gravities superior 
to those of ail other simple substances. They are 
opaque, brillîant in their appearance, insoluble in water, 
and conductors of electricity. 
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(1) Platina is procured bj intensely heating the 
oxyde of platina pioduced hj nitro-munatic acid> with 
charcoal. It is of a light grey colour. It ifl malléable, 
and is the hardest of the metals after iron. It becomes 

fluid at a vcry liigh degrcc of lieaL It does not biirn in 
the atmo.s[)licre. Its spécifie gravity is 22*5, so that it 
is the Iieaviest body iu nature. 

(2) GoLD ivS fonnd pure in différent parts of the 
globe. It is of a bright yeUow colour. It fuses when 
ignlted to whiteness. It is the most malléable and 
ductile of the metals. Its spécifie gravity is 19*3. 

(3 ) SiLVER is found in nature pure, and coiiibined 
with différent substances. It is tlie whitest of the 
metals. Itâ malleability and ductility are less than 
those of gold. Its spécifie gravity is about 10*51. It is 
fused more readily than gold. 

(4) Mercury is found pure ; likewise it is procured 
from cînnabar. It is the only métal which is fluid 
at the cou 1 mon températures of the atmosphère : it does 
not becorae solid, except at 40° below 0^ ; at 600° it 
boils. Its colour is analogous to that of silver. Its 
spécifie gravity is 13*ô68. 

(5) CopPER b found native ; likewise it is extracted 
from sniphuret of copper. It is of a Hght red colour. 
Its spécifie îi;ravity is 8*584. h melts at the white heaU 
It is malléable and ductile. 

(6) Tin is procmcd when the oxyde of tin is heated 
to whiteness with charcoal. It is of a w^hite colour, but 
little duller than that of silver. It melts long before it 
becomes ignited» L e, at about 410^ Fahrenheit It is 
very malléable, but impeifectly ductile. Its spécifie 
gravity is 7*299. 

(7) Leai> is generally obtained by séparation from the 
sulphuret of lead by heat. It is of a bluish white colour. 
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and soon loses its metallic lustre when ezpoeed to the 
air. It becomea flnid at 540* Fahrenheit It ia mallé- 
able, but îtB docdlity ia impeifect. ItB spécifie gravity 
is 11-352. 

(8) Iron is obtained from the oxjde of îron, by 
iateosely heatiiig it with charcoal. It is of a j)aie grey 
colour. Ita spécifie gravity is 7*8. It is fusible only ai 
an intense degree of beat ; but beeomes extremelj soft 
and ductile when only ignited. It is attracted by the 
magnet It soon beeomes corered with a brown rust 
when exposed to the atmosphère. 

(9) Zinc is generally procured from the sulphuret of 
ziuc^ or from the earbouates of zinc, which arc found 
abundantly in nature. It is rather whiter tban lead. Its 
spécifie gravity is 7*19. It fiises as soon as it is ignited, 
and boils before it is white hot; and at this tempéra- 
ture, bums with a yîvid âame. 

(10) Antimony is generally procured from sulphuret 
of antimony. It is nearly of Uie coiour of lead. Tts 
spécifie gravitj is 6*86. It melts soon after igoition, 
and beeomes covered with a white oxyde. It is very 
little ductile or malléable. 

(11) Bismuth is found in a native state; likewise it 
is obtained from sulphuret of bismuth. It is of a dull 
yellow coiour, a little inclined to red. It is not mallé- 
able. Its spécifie g:ravity is 9'822. After tin and 
teliurium, it is one of the most fusible of the metals. 

(12) Arsenic may be procured from the white oxyde 
of arsenic» by heating it with oil, or with charcoal, in 
close vessels. It is white in its pure form, but soon 
beeomes tamished by exposure to àie' aîr. It sublimes 
at the température of ignition with greal lapidity, ancl 
burns with a bluish flauie. its spécifie gravity is 8-31. 

(13) Cobalt is obtained from soialt (a blue giass con- 
VOL. n. Q 
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taining thc oxyde of cobalt) by igniting it with cliarcoal 
and soda. It is of a grey colour. It ifl very ditiicult of 
fusion. Ite spécifie gntvity is 7 -645. 

(14) Nickel is procured from an ore named kupfer 
nickel, lis colour is rusty light grey. Its spécifie 
grarily is 8*96. It is difficuldy fiisible. When per&ctly 
pnre it is not magnctic. 

(15) Mangai^ese is procured by an intense beat from 
the oxyde of manganccie by means of cbarcoal. It is of 
a duU wliite colour. It is iused only with extrême 
difficulty. Its spécifie gravity is 7. It is not at ail 
malléable. 

(16) TuNOSTENis obtained byrarious processes ùom 
the tungstate of lime, and from wolfram, a minerai found 
in Coiiiwall. It is very difficultly fuscd. Its spécifie 
gravity is 8*34. 

(17) Uranium is procured firom pech-blende, aud 
from its carbonate by différent processes. It is grey» 
with a tinge of brown. It has never been fused into a 
consbtent mass. Its spécifie grayity is 6*44. 

(18) MoLYBDBNA hss been obtained with very great 
difficulty from the molybdic acid. Its properties are 
but little known. Its spécifie gravity is said to be 6. 

(19) TiTANiUM is obtained from the oxyde of tita- 
nium by intense ignition of it with charcoaL It is Tery 
difficult of fusion. Its colour is red ; and its spécifie 
gravity unknown* 

(20) Tellumum is procured from the aumm para- 
doxicum. It is of a bright grey colour. It pulvcrizes 
under the hammcr. It is thc most fusi})le and volaille 
of the metals after mercuxy. Its spécifie gravity is 
6-115. 

(21) Chbohe is obtained ùom the red lead of Siberia 
(the chromate of lead). Its properties are little known. 

Ils colour is whitish ; and it is very difficult of fusion. 
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5* Faurth dan» 

The earths are «^sdngiiished ûom ail olber bogies by 

their infusibility, their iDsolubility in water, their 
incombustibility, and their waiit of conducting powcr 
with regard to electricity. They are four in number^ 
silex^ alumine» zircone^ glucine. 

(1) Silex is obtained £roni xock-crystal, and otlier 
stones, aûer diey haye been fiiaed mût iixed alkalies, 
and acted upon by mmiatie acîd. It diffeiB ûom the 
odier earths in being acted upon by no acid but the 
flouric. 

(2) Alumtne is obtained from solution of sulphate of 
alumine by potaâh. Its colour is white. In its common 
State it contractB in volume by beat ; and at an intensely 
higb température it becomea aofteoed. It ia combiuable 
with the adds. 

(3) ZmcoNE îs obtained from the jargon of Cc^ lon 
by the fusion of it \vith a lixcd alkaii, and particular 
treatment with au acid. It is white, and diffusible 
througb water» to which it communicates a gelatinous 
appearance. It combines with the acids» Its spécifie 
gravity 18 4-3. 

(4) GLUcnnEi is procared from the beiyL It re« 
semblés alumine in its physical properties; but its 
chemiciil properties are very ditfcreut. It forms sweet- 
tasted salts with the acids. 

It is said that two new eartbs hâve been latelj disco- 
Tered, denominated Augustine and Ittria. 

The AuGUflTiNE is considered as a pecnliar sabstance» 
on the aiithority of Frofessor TromsdorE It is procured 
ftom the béryl of Georgen-stadt. And it forms taste- 
less salts with the acids. 

Ittbla. bas been examiued by M. £kebuiig and Pro- 
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fessors Vauquelin and Klaproth. The salts it forms 
with the acids arc swect îike those formed by glucino ; 
but it is not soluble in the caustic alkalies. It was iiist 
aoQounced as a peculiar substance by M. Gadolin. 

6, Fif tk Ciass, 

It bas been thooght expédient to call such undecom- 
pounded substances alkàline as possess a certain degree 

of solubility in water, and tlic powcr of combining with 
the acids, and with sulphur^ and of renderiug green 
vegetable bhies, 

Potash, soda, strontian, barytes, lime, and magnesia, 
are the only known fîxed alkàline substances. 

(1) PoTABH is obtained from the common caostic 
potash of commerce by solution in alcohol> and evapo- 
ration, It was fonnerlj named the fixed vegetable allalî. 
It is of a white colour. Its taste is intensely caostic^ and 
it acts upon the animal fibre. It becomes fluid at a red 
beat ; but it is volatile only at a vcry high température. 
It is extremely soluble in water. 

(2) Soda is obtained from muriale of soda fsea sait) 
by means of litluirge. It is purified by treatment with 
alcohol, in the same manner as potash. Its taste and 
causticitj^ as vreW as many of its other properties» aie 
analcgous to those of that alkali ; but it possesses less 
aflEnily for the acids. It is fusible at a température a 
little below that of ignition. It was fonnerlj called the 
fixed fomàl alkalL 

(3) Stbontïak is procured from the carbonate of 
strontian wlit ii it is iulensely ignited witli ciiarcoal, It 
is white. Its spécifie irravity is greater than that of 
potash or of soda. It is niuch less soUible in water than 
those alkalies. It is invisible. Certain of its combina^ 
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tions when bfought in contact with bodies in combus- 
tion, communicate a vivid redness to their fiâmes. 

(4) Bauvtes is ohtaiiicd iVoin nitrate of barytes by 
the long application of a hiîïh dej^ree of Iicat. Its taste 
is caustic, likc that of strontiaii. It is iiearlj four times 
as heavj as water. Of ail the alkaline substances, it 
possesses the strongest affinity for the acids» It is less 
soluble in water than strontian. 

(5) Lime is procored ùom the carbonate of lime 
(marble) by a strong degree of heat. It is white and 
opaque. It is unalterable in the fire. It resembles 
strontian and barytes in most of îts physical propertics ; 
butitis less soluble in water than cither of those earths 
(requirinfi; 500 tinies its weiglit of that Huid for its solu- 
tion) ; likcwise it lias less affinity for the acids, 

(6) !Maoxesia is obtaiaed iirom sulphate of magnesia 
by treatment with potoëh or soda. It is ezhibited in 
the form of a white impalpable powder» possessing veij 
little taste or smelL It is soluble in about 2000 times 
its weight of water. It has less afiinity for the adds 
than any of the other solid alkaline substances, and it 
forms witb them vcry soluble salts. It is pcrfectly unal- 
terable in the ih e. 

7. Sixth Class, 

We are acquaintod with threc undecompounded 
acids; the muriatic acid, the âouric acid» and the 
boracic acid. The y are combinable with water and the 
alkalies; and possessed of the power of rendering 
vegetable blues red. 

(1) Muriatic acid is procured from murîate of soda 
by means of sulphuric acid. It is a permanent gas at 
aÛ koown températures. It is heavier than atmospheric 
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air. It 18 soluble to a Q;reat extent in water. Its taste 
ÏS very ]iungent and sour. 

(2) iLuomc Acn> is obtained firom fluate of lime by 
mefliiB of Bulphtiric acid. It disBolves ailicioas earth, 
and rende» it aërifonn; tiierefiire it cannot be pve- 
aenred pure in glasB Teasels. Its taste and smell are 
analogous to those of muriatic acid ; and, likc that acid, 
ît is a gas at ail knowTi tem])c i iitiu'es. It is extremely 
soluble in water, and combiuable not only with tbe 
àlkaline, but likewise with the earthy substances. 

(3) BoKACic Acm ia procuied firom alkaline borate of 
floda hj meanB of solphuric acid. It is a wbite soEd 
body, poesessing verj Htde taste and no smell. It is 
fusible when dry at the rcd iical ; and wiieu moist, it is 
even volatile at a luucli iuwer température. It is soluble 
in ÙQ times its weight of boiling water. 

DIVISION m. 

OF 1I0DIB8 COIIFOSED OF TWO SIMPLE SUBSTANCES, OB 

BINARY OOMFOUNDB. 

The simplest chemicaL actions of the ondecompounded 
substances on each other» aie exerted in the production 
of binary compounds. 

Of thèse conipounds, somc are found in nature, and 
others are produced by art, either directly, by bringiiig 
the principles that compose them into apparent contact 
at a certain température ; or> indixectly, by analy ticai 
proeessesy in which bodies more componnded are the 
Sttbjects of experiment. 

The binary compouuds, if we consider their relations 
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ta each odier, and to the genenl chemieal amagement 
of Bobstencei» maj be divîded into n dasiet. 

L Compounds containing oxygen. IL — Hjdro» 

gen. IIL Sulphur. IV/ The Metals. V. 

The £arths. VL The Undecompoundcd 

Acids. 

2. Fira Class. 

Of all known bodies, oxygen ht» the greatest ten* 
dencj to combination. It entera into union with a vast 
number of simple substances. Many of its compounds 

aie posscssed of anal()fz;ou3 propcitiL.>. il iias boeu 
generally supposcd to be the acidiiying principle ; and 
the history of its chemical agencies constitutcs the anti- 
phlogistîc theory* 

The binary compounds of oxygen are either decom- 
posable acids posscssing the sour taste, and the power of 
reddening vegetable blues, and of uniting -with the alka- 
lies; or oxydes, wbicb in gênerai are combinable with the 
acids, insoluble or sparingly soluble in water, and pos- 
sessed of lîttle taste or smell. Thèse diflerent substances 
Nvili be trcatcil ot'iii their relations to their différent bases. 

(1) COMBINATION of OXYGEN with UYDROtiEN. H uter, 

or oxyde of hydrogen, is ])roduced whcnevcr hydrogen 
gas is burut in contact with oxygen gas. 15 grains of 
hydrogen, combined by slow combustion with 8ô grains 
of oxygen, prodnce 100 grains of pure water. Water is 
a fiuid at all températures between 32** and 212^. 
Vlien coded below 32^ it becomes solid, and forms a 
mass of crystals. When heated above 212** it becomes 
a gas, and în that state is much lighter than the air of 
the atmosphère. 

The physical properties of water are well known. It 
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is possessed of great powers of combination, and acte a 
principal part in the chemical changes that takc place 
upon the surface of the giobe^ and in the atmosphère. 

(2) CoMBiKATiONSof ozYOSN withsiTBOGEir. When 
the electric spark b passed for a long while through a 
mixture of oxygen gas, and nitrogen gas, nitric acid 
is formed. This substance is perniancntlj aëriform at 
coaimon températures. 100 cubic inches of it weigii 
about 76 grains. It is extremely soluble în water; 
1 grain of water being capable of condensing about 10 
grains of acid gas, forming with it a fluid of spécifie 
gravity l'62. Nitric acid is a very powerful and usefiil 
chemical agent. For purj)oses of application, it is 
generally obtained from nitnito of ])otash (nitre of com- 
merce) by means of sul})huric acid. 100 granis of 
nitric acid oonsist of about 71 oxygen, and 29 of 
nitrogen* 

NUrcuB gas^ or nitric oxyde, is an elastic fluid perma^ 
nent at aU known tem^^eratures. It is prodnced when* 
ever nitric acid is decoinposed by certain nictallic bodies, 
such as coppcr, silvcr, &c. Its spécifie gravity is to 
that of atmospheric air, as 1*093 to 1. It is very iittle 
soluble in water. It combines with oxygen at common 
températures, producîng an orange-colonred gas, wbich 
is nitric acid with excess of nitrous gas, L e. nUrous 
acid. Nitrous gas is composed of 56 parts oxygen, and 
44 uitrugen. It is readily absorbed by the green siil- 
phates, and muriatcs of iron. Pyrophorurf takes fire in 
it at common températures : and phosphorus continues 
to bum when introduced into it in a state of viyid 
inflammation. 

Nttratu oxyde^ or gaseous oxyde of azote, is obtained 
wlicri nitrate of ammonia is decomposed at any tem» 
perature near 400° Fahrenheit. It is permanently aëri- 
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form. The cubic inch weîgbs '5 pts. of a gr. It îs 

possesscd of a iUiiitlj swtctish (.aste, and a slight but 
asrreeable odour. AU the combustible bodics burn in it 
with vivid light at high tenipcratures. It does not 
dîminish when mingled with nitrous gas. It is soluble 
in twice its volume of water, and in less than half ita 
volume of most of the inflammable fluida. It ia com- 
binable, when in a nascent state, with potash and soda. 
100 grains of it are composed of 37 oxjgen, and 63 
nitrogen. 

(3) CoMPouNDS of OXTOEN and fhosfhorus. Fkos' 
pharic add, or the most ox jgenated compound of oxygen 
and phosphorus^ is produced when sulphuric add ia 
made to act upon phosphate of Ihne (i. e. earth of 

bones). It is likewisc procured wlien phosphorus is 
bumt in atmospheric air, at a température above 122*^. 
Phosphoric acid is a solid at températures below those 
ofignition. It is very soluble in water. Itis inodorous; 
and possesses no volatility. It is composed of nearly 1 
of phosphorus to 1*6 of oxjgen. 

Fhosphcrtts acid, or the least oxygenated compound of 
oxygen and phosphoius is produced during the slow 
combustion of phosj^lionis in the atmosphère at common 
températures. It is a âuid hoày, inodorous^ and pos- 
sesscd of a strong affînity for water. 

(4) COSIBIKATIONB of OXYGEN with SULFHUR. Sul- 

phur, like phosphorus» combines with oxygen in two 
proportions, and forms sulphuric and sulphureous acids. 

Sulphuric acid is produced during the vivid combus- 
tion of sulphur in oxygen gas, and likewise during the 
décomposition of nitrate of potash by heated sulphur. 
In its common state it appears in the fbrm of a transpa* 
rent oleaginous fluid, nearly twice as heavy as water, 
At a very low température it becomes solid* It is com- 

q6 
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posed of about 1 •? parts sulphur and 1 part oxygen. It 
acts with grcat |>(nvcr upon aiiiuial and vegetablc sub- 
stances ; whicli, l^y ab&tracting a portion of its ozygenj 
convert into sulphureous acid. 

Sulphureoas acid is a pennanentlj aëriform floid at 
ÛïB common températures of the atmosphère ; but it has 
been rendered fluid by a high degree of artificial cold, 
aided by a strong pressure. It i.-^ ril)surbable by g ut its 
volume of water. Its couipo.'^ition has not yct been 
accuratelj asccrtabied. It is ^euerally obtained tor 
accurate expérimenta from the décomposition of heated 
sulphuiic add by meieury. The cubic inch weighs *73 
pts. of a gr. It extinguishes fiame. When suffered to 
remain for a long ^hile in contact with oxygen gas» it 
is convcrted into suipimiic acid. 

(5) COMPOUNDS of OXYGEN aiul CARBON. TlircC 

compounds contaiuing oxygen and carbon, in diiierent 
proportions^ are known. Charcoal, gaseous oxyde of 
Carbon, and carbonic acid* 

Ckareoal is procuied pure by passing alcohol throu^ 
a tube heated red. It is carbon in the fîrst degree of 
oxygénation. It fornis a consider;ir)lc part of the solid 
matter of orgîinlzed bodics, and it is ublaiued froin thcm 
mixed with other suhstauccs by the action of heat. Its 
colour is intensely biack. It has no taste or smell, It 
is a perfect conductor of electricity. It is. solid at ail 
known températures. It bnms with the production of 
vivid white light in oxygcu ^cus. It is perfectly insoluble 
in water. It is capable of absorijiiig certain quantities 
of différent knowu gases, which are liberated £rom it by 
the action of heat 

Gaseous oxyde qf carbon is obtained by the action of 
îgnited charcoal on certain metalUc oxydes, such as 
tibose of zinc and iron* It is carbon in the second 
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degree of oxygénation. It k deyoid of taste and smelL 
It Î8 verj little absorbable by water. It bonis in cou» 

tact wïih atmospheric air witli a lambont blue flame. 
Its spécifie gravity is to that of eoiiimoii air ncarly as 22 
to 23. It is composed of about 9 parts carbon and 21 
parts oxygen. 

Carbonie add is prodoced when charcoal^ or diamond 
is buroed in pure oxygen : likewise it is obtained when 
mnriatîc acîd is made to décompose carbonate of lime. 
It bas a plcasant smell, and a faintly aciduloiis taste. 
It is a permanent ^as at ail knowii températures. It is 
soluble in haif its volume of water. It extinguishes 
âame. Hie cubic înch weigbs about *46 pts. of a gr. 
It is Carbon perfectly oxygenated» and combined with 
foor parts of oxygen. 

(6) COMBINATIONS of OXYGEN witll the ACIDIFIABLE 

METALS. The acidifiable nietals are, arsenic, tungsten, 
molybdena, chrome, and, as it is said, cobalt. 

Arsenic is capable of combining witb oxygen in two 
proportions^ so as to fonn the aisenioos and arsenic - 
acîds. 

The arsemms add^ or as it bas been generally caUed, 

white oxyde of ai^nic, is procurcd by the action of 
oxyp^en gason metallic arsenic. Its taste is disagreeably 
acrid, and its smell is analagous to that of garlic. It is 
soluble in 15 parts of boiling water. Its spécifie gravity 
is S'706. It is volatile at tibe température of 283^. It 
is said to be composed of 93 parts of arsenic and 7 of 
oxygen. 

The arsemc a<M is procnred by the action of nitric 
acid upon the arseiiious acid. its taste is sour. Its 
colour is white. It fuses at a red beat, but it is not vo- 
latile. It is said to be composed of 91 parts of arsenic 
and 9 of oxygen. 
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One combination of ozygen with tongsten onlj is 
known.' The iungitie add is procured by tbe fusion of 
tongstate of lime with carbonate of potaah, and subsé- 
quent treatment of the mixture witb nitric acîd. It 

exists in the fonn of a white puwder. Its taste is faintly 
acrid. Its spécifie gravity is 3*6. It is neither fusible 
nor volatile at any known température, It is soluble in 
20 parts of boiling water. 

Moljbdena combines with ozjgen in two propor- 
tions, so as to produce the moljbdic oxyde and the 
molybdic acid. 

The mohfhdic oxyde is procured when molybdena is 
intensely heated in contact with oxygen. It is white, 
and volatile. It is easily converted into molybdic acid» 
by treatment with nitric acid. 

Hie mchfbdic acid is soluble in 500 parts o£vrBti&t* Its 
spécifie gravity is 3*4* Its taste is <]U8tinctly sour. 

Chrome exists in two states coinbined with oxygen. 
— T7i€ oxyde of chrome is of a green coloiir. It is pro- 
cured by the action of heat and light on the chromic 
acid. 

The chromîe acid is obtained by the décomposition of 
the cbromate of lead found in Siberîa» It is of a red 
coiour, and bas a peculiar metallic taste. Itis soluble in 

water. 

Cobalt hai> long becn known as combined with oxy- 
gen in the state of an oxyde, capable of communicating 
a fine blue colour to glass ; but the existence of the 
acid tfecbaU has been only iately proved by the experi* 
ments of Brugnatelli. It is pi oduced £rom what he calls 
the ammoniuret of cobalt It is soluble in water, and 
has a distinctly sour taste 

(7) COMBINATIONS ot OXYGEN with thc OXYDIFIABLE 

METALS. Manganèse» zmc, iron, tin» lead» antimony» 
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bismuth, nickel, titanium, telluriiuii,, coppcr, and mer- 
cuiy, are capable of combiniiig vv ilh oxygen gas, when 
they are ex])osed to it at différent high températures ; 
but their oxydes are^ in gênerai» obtaiued for commoa 
puiposes» either firom certain ores found in nature» or 
firom the agency of différent acids on the metallic bases. 

Siiver» gold» and platino, do not act upon oxygen 
gas ezeept when they are igaîted by the galvanic sparL 
The oxyde of sUver is obtained by treatment of the métal 
by nitric acid and potash. The oxydes of yold and ph' 
tina are prociired l)y means of oxyniuijatic acid. 

The oxyde of uranium is found in uranite. 

Oxygen is capable of combining in différent propor- 
tions with many of the metalâ, and of lormiog with them» 
oxydes posseised of distinct properties. 

Amongst the most remarkable of the metallic oxydes» 
are the red and hlaek ax^fdeg of tiwt» containing respec- 
tively, 47» and 28 per cent of oxygen ; the red^ black^ 
and wkUe oxyde» of mercury^ of which the red gives ont 
oxygen gas when exposed to beat : the rcrf, yeUow, and 
grey^ oxydes o f lead ; tlic hlack oxydje of manganèse ; and 

the whiff (t.mdc of mil niioii'!, 

The metailic oxydes in général are insoluble in water, 
tasteless and inodorous. Many of them are fusible at 
high degrees of beat» and a few of them are volatile. 
They are ail of less spécifie gravity than their bases. In 
certcdn states of oxygénation they are combinable with 
acids. 

(8) COMBINATION of OXTOEN with MVBIATIC ACID. 

Oxygenated muriatic acid is procured when muriatic acid 
is distilled froni black oxyde of manganèse, or red oxyde 
of lead. Its tasto is acrid. It renders vegetable blues 
white, ditièring in this respect from the other acids. It 
is a gas at common températures^ but it may be con- 
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dcnscd by a moderate degree of cold. Its colour is light 
yellow. It is absorbable by water. Most of thc com- 
bustible bodîes bum in it. It is combinal^e with the 
fixed aikaliae substances. It gives ont oxygen gas 
when acted upon by vivid light. Its spécifie gravity is 
much greater than àiat of atmospheric air. 

3. Second Ckas, 

Hydrogen appcars to be capable of combining with 
only three simple bodies besides oxygen; nitrogen^ 
siilphur, and phosphorus. For the hydrocarbonates, 
which were formerly supposed to consist wholly of hy* 
drogen and caibon, contaîn, as it wonid seem hom 
some late cxpcrimcnts, a portion of oxvuon. Sec Div. 
IV. Sec. 2. Its compoiuitl8 are not }>o.sse.s»ed of iiiany 
analogous properties; one of them is an alkali, and 
anotber an acid. 

(1) CoBIPOUND of HTDBOGBN and NITBOOSN. Am*^ 

muma or volatile àlkali b obtained by the action of lime 

upon muriate of ammonia ; likewîse it is formed when. 
nascent hydrop^n is exposed to nitrogcn s^as at a low 
température. It is a permanent gas at common tem- 
peratures^ weighing in the cubic inch about *18 pts. of a 
gr. Its smell is highly pungent ; and its ttste bumii^ 
and acrîd. It renders green^ vegetable blues. It extin- 
guishes flame. It produces white fumes when brought 
iu contact with thc volatile acids. It is extrcmely 
soluble in water, 75 grains of water being capable of 
absorbing 25 grains of gas, forming with it a fluid of 
spécifie gravity *908. Ammonîa is decomposed into its 
constituent parts by the action of electricîty, or of a high 
degree of heat It is compounded of one part hydro- 
gen and five parts nitrogen. 
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(2) COMPOUXD of HYDKOGEN aiid 8ULPHUR. Suh- 

phurated hydrogen or licpatic gas is formed when hjdro- 
gen gas is pessed over heated solphur. It îs obtained 
fi>r common purposes by the action of an acid on solution 
of sulphniet of potash. It is a pennanent elastic flnid. 
ItB smell is extremelj îatûL Its taste is sour, it red- 
dens vcgctablc blues, it combines with the alkalics, iuid 
is \ery soluble in Avatcr ; so that it is a tnic acid. Tt 
burns^ when higUly heated in contact with oxygen gas, 
with a blue flame> depositing sulphur. It is dccom- 
poonded into its constituent piinciples bj the electric 
spark. The cubit inch weigbs *34 pt& of a gr. 

(3) COMBINATIOir of HYDROOEN With PHOSPHORUB. 

Phosphorated hydro(jcn is toi incd by tbe action ut phos- 
phorus upon the heated aqucous solution of potash. It 
is likewise obtaiaed by the action of water upon the 
pho^horet of lime» a substance formed by pnssingpbos- 
phorus in yapour through ignited lime. It is a pennar 
nent gas, soluble in about four times its volume of 
water. It is possessed of the pcculiar property of in- 
lianiing when brou<»;ht in contact with oxygen gas at 
oouimou températures. It is decoi^posable bjr the elec- 
tric spariu 

4. Tldrà Clan. 

Sulpluir is possessed of great powers of combination. 
It enters into union with ail the metals, except gold, 
platina, titan iuni, and probably, chrome. It combines 
with the alkaline substances, and with phœphorus. Its 
acid compounds» containmg oxygen, and hydrogen, 
hâve already been noticed. 

(l) OOMBINATIONSofsULPHUR with the BIETALS. The 

greater numbei oi tlie mtiallic sulphurets are found in 
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nature. They may be made artificially, hy bringing 
sulphur in contact with the metals, at différent high 
températures ; and during the proccss, heat and lipjht 
are evolved. They are solide» in gênerai possessed of a 
high degfee of spécifie gravity. They are opaque» and 
often brilliaDt in their appearance like the metals. They 
are conductors of electricity. They h&ve no taste or 
smell. They are ail decomposable at certain degrees of 
heat. 

Of the metallic sulphurets, the best known are the 
sulphuret of iron or martial pyrites, the iulphuret qf zme 
or blende, the mlpkuret qf lead or galena» and the sul' 
phuretB of copper^ Un, arsénié^ and mercury. 

Almost every métal is capable of combimog with 
maiiy différent proportions of sul})luir, 

(2) CoMPOUNDS containing sulphur and the FiX£i> 
ALKALiNE SUBSTANCES. The alkallnc sulphurets or the 
hepars of sulphur, may be obtained by the ûuion of sul- 
phur with the différent alkaline substances, or by the 
décomposition of alkaline sulphates by charcoal at a 
high degree of heat. They are solid bodîes, in gênerai 
opaque, and of a rcd, or brownish red colour. They 
are of considérable s})ccific gravi ty. They bum, wben 
intensely heated, in contact with the atmosphère. They 
undeigo peculiar chanir( s from the action of water, 
They are decomposable by the acids. The mlphurtit 
of potaÀkf of sodOf qf âirontian, and qf magnma, are not 
possessed of any spécifie properties worthy of particular 
notice, riic sulphurets of ban/tes, and (f lime, become 
phosplHHOHc ont aftcr having becn exposed to light. 

(3) CoMrouND of SULPHUR and puosphobus. Sul- 
phur and phosphorus are capable of combîning in dif- 
férent proportions. To effect their union widi safely, 
they must be fijsed together under hot water. The 
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êulphureU of phospharus are yeUowish^ and leas trans- 
parent in proportion as they contain a larp^er quantity 
of sulphur. Thejr are ail more ibâble than sulphur. 
Tbej are so combustible tbat. they Inflame in tfae 
atmosphère by mere fiîction. 

5. I^ourth Claun 

The l)iiiary corapounds containing the mctals, which 
have noi been already descrihed, arc the metallic phos- 
phurets, the carburcts, aud the alloys. 

(1) CoMBiirATioxs of piioppHoaus with the metals. 
Phosphorus is ciqpable of combining in différent propor- 
tions with the greater number of the metallic substances. 
The phogphurdB generally are obtained by ezposing the 
metids to phosphorus» at the lime that it is produced 
firom iu^nitcd phos]}horic acid, by means of charcoal. 
They are opaque, of grcat spécifie gravity, and usually 
possessed of tîie metallic splendour. They are fusible 
at differen! liigh températures, and they bum at those 
températures when in contnet with uxygen. 

(2) COMBINATJONS of METALS with CABBON* Iron, 

zinc» and manganèse, are the only metals supposed to 
be capable of combination with carbon. 

When diamond and iron are intensely heated to- 
gether» the carhwret of iron or steel is formed. This 
substance is obtained for use, from the cémentation 
of iron with charcoaL It is fusible at a high degree 
of beat. It is haickr than iron. It is ca])able of re- 
ceiving an extremely fine polish. It is very combus- 
tible. 

Plumbago, or the hypercarburet of iron, is supposed 
to be a combination of carbon and iron, with probably 
a minute portion of ozygen. It is found in nature. 
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I is of a black glossy colour. It is inlbsible. It bnrns» 
when intensely heated^ in contact with the atmo* 
sphère. 

The propcrtics of the carhurefs of zinr, and of manga" 
nese^ Lave been but little examined. It is likelj^ that 
Ûyejt as well as the hjpercarbureta of iron^ contain a 
minute quantity of o^gen. 

(3) BiNABT GOHBINATION8 of METALS WÎth ONE ANO- 

THER. The hinarij alloys are formed by bringing two 
metals posscssed of affiiiity for each othertogether, one of 
them at least being in a statc of fusion. The alloys are 
analogoiisto the simple metals in ail theirphysicalproper* 
tie& Their number is almost infinité» for when metalUc 
substances are possessed of the power of attractîng each 
other chemicallyy they are capable of combining in a 
number of différent proportions. The clu inkal pro- 
perties of alloys have been very little stndicd, and no 
deilnite knowiedge is obtained concerning the change 
of volume taking place durîng the différent combina* 
tions of metals. The most important of the binaiy me- 
tallic compounds are Itoès^ which is composed of about 
Ihree parts of copper and one of zinc ; brame, which is 
a compound of copper and tin ; the fusible compounds of 
lead; and the cunalgums of mercury» 

6. Fifth Class. 

Certain of the earths aie possessed of affinities for 
one another: aU of them except zircone» are capable of 
combining with some of the fixed àlkaiine substances ; 

and ibat bodv, as well as alumine, and glucine, is acted 
upon by the nndecomponnded acids. 

(1) BiNARY coMPOUTn>s containing earths only. The 
combinatiott of silex and (dumme may be efi^ted by 
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mîngling tlieîr alkaline solutions together* The eom* 
pmmd of jargm and tSkx is formed when thèse earths 

are intensely heated in contact with one another. The 
mntual attractions of the other earths iiavc uot bcca 
much examined. 

(2) CoMBINATIOMâ of fiAATHS with ALKALINE SUB* 

STANCEa When equal parts of potash^ or of soda, and 
of silex are fiised together, they combine and form the 
compoand denominated glass, the propertîes of which 

arc well kuown. When onc part of silex is unitcd, by 
fusion, to thrce parts of potash, or of soda, a substance 
is formed which is aoluble in water^ and which forma 
mth it the Uquar mlicum* 

Alumine and gkicine are combinable with potash 
«nd sodsy both whèn they are dry, and in aqueous so- 
lution at certain degrees of température. 

Barytes, strontian, or lime, when intensely lieated in 
certain |)rc)}>urtions with silcx^ combine with it and form 
vitrcons compounds. 

(3) The CoMBiNATiONs of the eabths with the sm- 
rXiB AcmSy will be considered in the nezt section. 

7. JSixtfi Class. 

The binary com])onnds containing the simple acids, 
are posseBsed of verj analogous properties. They have 
been called compound salts ; and under this name, have 
been generally arranged with substances containing the 
decomposable acids. 

(1) COBCBINATIOKS of the SIMPLE ACIDS WÎth FIZSD 

ALKALTNE SUBSTANCES. The simple acids are capable 

of combining witli the fixed alkaline substances, 
when their aqueous tctluthni^ are brought into contact 
with them at common tempcratures ; and the com* 
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pounds wben deprived of water become permanent 

Bolids. 

The compounds of the muriatic acid and the fixed 
alkaline substances» or the Jixed alkaline murùOeSf are 
possessed m gênerai of a bîtter taste. Thej are white 
semîpelincîd bodîes, regularly crystaUized* They are 

extremely solublc in water, 

Aiiiongst the compounds of fluoric acid and die fixed 
alkaline substances, the fitatcs of jmtasJi and of soda 
are soluble in water, and nearly insipid ; the Jtmtes of 
êtnmtUmy barytes, lime, and moffnenct, are tasteless sub- 
stances, not combinable with water. 

The comlûnations of the boracic add ^th potash and 
soda» or the boraies of pctash and soda are crystaUized» 
solide substances» 8oluble«in water. The harate of toda 
with exceM qf alkaU is the borax of commerce. 

The borates of ho ri/ tes y strontiau, lime, and niagnesia, 
have been vcry little exaniinod. They are white, solid 
substances, but little coml)ina])le with water. 

(2) Compounds contaming undecompounded acids 
and EABTHs. AU the earths ezcept silex, are dissolved 
when acted upon bj an aqueous solution of muriatic 
acid, The compounds £>rmed are called murîate$» 
When deprived of water they exist in the solid form. 
GeneraUy they are white and transparent They are 
possessed of no smell. Their taste is bitter» or astrin- 
gent. 

Fluoric acid combines with ail the eai th-, wlicn it is 
brought in contact with tbem at common températures, 
and forms compounds called Jluates. Thefiuate of silex 
exists peruiauently in the aëriform state. The proper- 
fies of the Jluates of zircone, alumine, and ghtmne, bave 
been veiy little examined. 

The compounds of the earths and the hcraeic aeid. 
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are callcd borates. In gênerai they are difBcultly so- 
luble in water. They are posseseed of little tafite aad 
no smelL 



DIVISION IV. 

OP BODIES C0MP08ED OF MORE THAN TWO SIMPLE 
8UBSTA2SCES, OR TERNARY COMPOUia>8, QUATERNARY 
COMFOUNBSj &C. 

1. Classificatiott of Substances composed of more than two 

Simple Substances. 

• 

Very few of the substances composed of more than 
two simple principles are capable of being Ibrined by 
art, îmmedlately from their éléments. In gênerai, they 
are either found in oiganized bodies» or are produced 
doring their spontaneous or artifidal décomposition. 
We are acquainted with their nature chiefly from ana- 
lysis. Considcring their composition, and the mude 
in which they are procurcd, they may be divided into 
five classes. 

I. Oxydes with bases compoonded chiefly of hydrogen 
and Carbon. IL Acide composed chiefly of hydrogen, 
oxygen, and carbon. IIL Oxydes with bases com- 

pounded chiefly of nitrogen, hydrogen, and carbon. 
IV. Acids composed chiefly of oxygen, nitrogen, hy- 
drorren, and carbon. V. Compounds containing earths, 
and alkalies, or metals. 

2. First Class, 

The oxydes containing hydrogen and carbon are 
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ICHind in gênerai in the vegetable kiiigdom. Their 
oompontion and their properties are very di£ferent and 
various. Âmongst them may be foond^ g&sesy ûxàda, 
and soUds. In gênerai, thej are combustible, easîlj 
decomposabfe hj beat, and non-conductors of elec- 
tricity. 

(1) HYDnc)-( AUH0NATE8. Ileuvy hydro-carhonate is 
one of tbe products evolved diiriii«T the décomposition 
of spirits of wine bj heated sulpburic acid. It is a per- 
manent gas at ail known températures. It bums, when 
heated in contact with the atmosphère, with a bine 
flame. It is insoluble in water. The cubic inch weighs 
•26 pts. (;fa gr. 

LigJit Jtijdro-cdrhmintr is obtained wlicn water is made 
to act upon ignitcd ciinrcoal. Its properties are aoalo- 
gous to those of heavj hydro-carbonate, The cubic 
inch weighs *15 pts. of a gr, , 

The proportions between the constituent parts of the 
hydro-carbonates bave not hitherto been accurately as- 
certaincd. The existence of hydrogen, carbon, and 
oxvgen, in them is proved when they are dccomposed 
by heated sulphur ; for in this case, charcoai and sul- 
phuretted hydrogen are formed. 

(2) AiiCOHOL is obtained in its purest form fix^m ar- 
dent spirits, by their treatment yàûk potash, and sub- 
séquent distillation. It is an inflammable fiuid* It is 
pospessed of a strong affinity for water, and is scldom 
pruciired perfectly dcvuid of that flnid. Its spécifie 
gravity, when in its purest state, is about -829. It con- 
tains a larger proportion of carbon and oxygen than the 
hydro-carbonates, for when it is passed through a tube 
heated red, it is decompounded into heavy hydro-car- 
bonate and charcoai. Alcohol has never yet been ren- 
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dered soUd by auj doç^rce o£ cold* It becomes a gas 
at the température of 176^. 

(3) Etherk i^rodiiceddiiringtlieaictioaof sulpl^ 
nitric» or muriatic acid upon alcohoL It k the lightest 

known fluid body, its spécifie ^rravity being only '739. 
It is possessed both of a suoiig ami ptculiar smcll and 
taste. It is soluble iu water. It does iiot bcconie solid 
by artificial cold. It boils at 96^^. it is very inflam- 
mable. It is decompounded bj being passed through 
a tube heated red» affording productt anaLogous to those 
pioduced by the deccmipoeitioii of alcohoL It differs 
firom that body in composition, probably by containing 
more oxygen and livdrojïen. 

(4) OïLô are obtaiued by expi*es8ion, or distillation, 
firom diiferent vege table and animal substances* In gê- 
nerai they are capable of freezing at low températures. 
They are iramiscible with water. They are usnally of 
lesB spécifie gravity than water. They are inflammable. 
They are decomposed wben passed througli ignited 
tubes ; the products being cbielly charcoal and hydro- 
carbonate. 

The oils procured in différent manners are extrcmely 
différent in their properties; and it is probable that 
they owe their peculiarities*to the différent sabstances 
which they hold in solutioii. 

The oils càlled fixed, appear to be generally com- 
bincd with mucilage ; whereaa tliobe denominated vola- 
tile, coutain vcgctablc aromatic matters. 

(p) SuQAais obtained ùom the inspissated juicc of cer- 
tain plants» such as the sugar-cane^ and tlic white bect 
ItB physical properties are well knowru It is combusti- 
ble. It is decomposable, like most of the other vege- 
tablu pioducu, by a high degree of beat It is capable 
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of forming alcohol by fermentation. Its composition 
hds iiut bec'ii liitlicito cxactiy asccrtained. 

(6) RE8IN is exudcd from thc barks of certain trees. 
It is vcrv Httle vapid or odoruus. h is iiiHammable. 
It is soiublc 111 alcohol, but not in vvater. It is capable 
of being rendered âuid by beat It appears to differ 
from volatile oil, oiûy by containing more oxygen. 

(7) Waz in its composition strongly resembles resin. | 
It js collected by bees^ probably from the pollen of 
floweiB* Its properties aie weU known* 

(8) GuM is found plentifully in many vegetables. It 
is oflen exuded from their barks. It is a transparent 
substance; very brittle, tasteless, and inodoroiis. It is ^ 
very sligbtly inflammable. It is soluble in water; but 
insoluble in alcohol. It con tains Icss oxygen than 

sugar ; consisting chieây of carbon and hydrc^n^ with 
probably a little nitrogen. Gum under certain modifi- 
cations of its prindples, assumes the forma of uucil- 

LAOB» and of FBCULA. 

(9) Tannih» or the tanntng principle» is obtained 
when the precipitate obtained from a décoction of galls, 
by means of muriate of tîn, îs acted upon by sulphur- 

ettcd hydro^en. It ap])cars in the form of a light brown 
pulvcrulent oia.ss. Its tasté" is bitter. It is soluble in 
watcr, and in alcohol. It is decomposable by beat. 
It is possessed of affinity ibr many of tbe metallic 
oxydes. Its composition is not accurately known. 

(10) £xTRACT is obtained by evaporating the infu- 
sion of safiron in water. It is extremely soluble both 

in water and alcohol. It is insoluble in sulphuiîc ether* ^ 
It is softened by a moderate degree of beat» though it is 
notfruible. At high températures it is deoomposed. 

(11) The WOODY FIBRE and colouring mattebs of 
vegetables have been very little exatninedj but their 
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composition îs suppoeed to be analogous to that of the 
substances which hâve been just described 

3* Second Closê, 

The acid substances chieiiy composed of oxygen, hy- 
drogen, and carbon» belong more particularly to tbe 
T^table kingdom, Tbej fonn a numerous dass of 
bodiesy and aie possessed of veij analogous phjsical 
propcrdcs. Iq gênerai they are soluble în water, de- 
coinposable by beat, possessed of tlie sour taste, and 
capable of renderiiig vege table blues red. 

(1) AcETOus ACID or vinegar, is formed duriug thc 
fermentation of wine. Its taste is pleasantly sour; its 
smell is agreeable. It is a fluid easily rendered aëriform 
by beat At a bigb température it is decomposable, 
It îs capable of being dcprived of a portion of carbon 
by distillation from metallic oxydes, when it bccomes 
possessed of new propcrties, and is callcd acktic acid. 
Certain of the empyreumatic oils wben dissolved in 
acetous add matenally alter its properties. Tbe sub- 
stances that were formerly termed pyromuoous, pyro- 
ligneous^ and pyrotartaric acidsy aie wbolly composed 
of acetous acid and empyreumatic oils. 

(2) Tahtaric acid is procured frora acidulous tar- 
trate of potash, which is foiind in wines, by treatment 
witb lime and sulphuric acid. It is a soiid substance, 
generaQy composed of needie-formed cr^ stals. Its taste 
ia very sour. It is soluble in water, and decomposable 
bj beat 

(3) OxALic Acm is generaliy obtained from tbe juiee 

of the wood sorrel, uxalis acetosella, It may likewise 
be obtained iirom tbe action of nitric acid upou sugar 

VOL. II. B 
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and other vegetable oxydes» It contains more oxygen 
thaii tartane acid* li ia a ciystallized solide soîaUe 
in half îts weight of boîling water. Of ail the acidâ it 
is possessed of the strongest affinity for iime. 

(4) CiTRic ACID is obtaîned from the jnice of lemons, 
when it is treated with lime and suljilmric acid. It is a 
solid crystiillized body; extremely soluble in water, and 
in ils a^ueoiu» solution is possessed of a very pleasant 
acid taste. 

(5) Malic acid is extracted from the juice of lipe 
Bruits by means of lime and acetite of lead. It is easily 
decompoeed by beat. It is conyerted» by nitiic acid^ 
into oxalic acid. 

(6) Galuc acid ia obtained bysublimatioii from the 
aqaeona eztract of galls. It generally appeaia in the 
form of small grey crystals. It précipitâtes the red 
oxyde of uoa black from ils solutions. Its taste is very 
acrid. 

(7) SucciNic ACID is obtained by the distillation of 
amber. It is crystallizcd in three-sided prisms of a 
beautiful wbite colour. It is inflammable. 

(8) Benxoic acid 18 procured firom benzoin, storax, 
and other substanoe^ by means of beat. Its smeli is 
aromatic^and its taste extremely pungent Itiactys* 
taUized in compiessed prisms. It is veiy âiaihH and 
volatile. It bums in contact with oxygen* It is 
soluble in nitric acid. 

(9) Camphoric acid is produced during the distil- 
lation of camphor with nitric acid. It cr}'stallizes in 
paralielopipcds. It is very little soluble in water. It 
bums in contact with the atmosphère» forming new 
compoundfl^ wholiy gaseous. 

(10) ScBBBic ACID is formed by the distillation of 
nitric acid from wood. It is soluble in about fiftj times 
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it8 weîght of wftter. Its taste k slightl^ sonr. It if 
earily deoomposed bj beat 

(11) Ml'couh Acii), or saccliolacdc acid is ubuiiied 
by tiie ciistillation of gum or nmcilage with nitric acid, 
and likewisc trom sugar of inilL It appcars in the form 
of a white powder, very iittle soluble in water. It is 
deoomposed with more diffîculty than moêt of the other 
▼egetable acîds* 

4. Third Class. 

The compoundfl possessed of no acid ptapttûeÊ, 
étncÛy containing ozygen» hydrogen, carbon> and ni- 

trogen, are in général found in the animal kingdom. 

The relative proportions of the principles that compose 
them are luiknown. One of ihelr ino>t characterUtic 
properties is the lacilitj with which their compositiun is 
altered. 

(1) Gelatike îb obtained from diâereot animal mat- 
ten^ and particidariy firom ddn» by meana of boiliog 
water. In ita Boibd form it appears aa a aemiductile» 
transparent^ Bubatance» without taate or amelL It is ex* 
tremely soluble in warm water ; but insoluble in alcohoL 
It is combustible ; and decomposable by beat. It is 
Boluble in the acids, It is precipîtatcd from its aqueous 
solutions by nîtromuriate of tin, and likewisc by tannin. 
Combined with tannin it forms an insoluble cumpound» 
analogous to leather. 

(2) AxJiUMEN is found plentifully in the eggs of birdEf^ 
and in other animal productions. In its natoral atate it 
mppem m the form du transparent viscoua fluid» pos- 
aesied of no distinct taste or smelL Its most cbasacter- 
îstîc property is its coagulation by a beat of 165^ into a 
permanent solid mass. Albumen, when liquid, is corn- 
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binai (le ^vitll ^vale^; but when coagulated, it seenis to 
have iittlc alEuity for that âuid. Coagulated albumen 
is soluble in solutions of alkaline substances» Albumen 
18 capable of bein^ combined ynih tannin. It con- 
tains a littie solphnr united with its other constituent 
parts 

(3) FiBRiNB is procured from the blood of animais by 
repeated washing of the coagulum. It is of a white 
colour. It is insolublo in water, and in alcoliol. The 
alkaline aqueous solutions, when cold, do not dissolve 
it ; but when veiy concentrated, they décompose it. It 
is soluble in many of the acids. 

(4) Ubea is a crystallized substance obtained from 
urine. It 18 soluble in water and in alcofaol. It is 
coinbinable with certain of the acid and alkaline solu- 
tions. 

(5) Gluten is obtained from wheat flour, when ail 
its other constituent parts have been separated by water. 
Though of vegetableorigin, itbeara a strong analogy to 
the substances which baye been just described; and 
evidently contains a conûderable quantity of nitrogen* 
It is insoluble in alcohoL It is combinable with heated 

» 

alkaline solutions. 

5. Faurtk Class, 

Âmongst the acid substances, chiefly containing oxy- 
gen, hydr<^n, caifocm^ and nitrogen, some are fonnd 
native in animal solids and fluids, others are produced 

during their nalural or urtificial décomposition. i he 
native animal acids are the forinic acid^ the bonibic 
acid, the laccic acid, the selbacic acid, and the iu*ic 
acid. The acids produced by the décomposition of 
animal substances by heat, are the prussic.and zoonic 
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aclds. The lactic acid is formed during the fermen- 
tation of iiiilk. 

(1) The FORMic ACID is found in a particular species 
of ants (the formica rustica) ; and it is obtaiiied hy their 
distillation. It is eztremely analogous to the acedc 
acid. It has a strcmg arneU» and a very sour and cauatic 
taste. In ita cotnmon ibnii it ia fluid, bot it maj be 
easily volatiliaed* It ia soluble in alchol» and ia decom- 
posed by nitroua acid. 

(2) The BOMBic ACID 19 obttûned firom the aillcworm, 
and from certain spccics of moths. Its taste is slightly 
sour ; and it reddens vegetable blues. Its properties 
arc very littie known. 

(3) Laccic acid is obtaincd by a low degree of beat 
from a substance called white lac, formed by certain în- 
aects of the coccus tribe. It is a fluld posaesaed of a sait, 
bitteriah» taate. It ia capable of being ciystallized. It 
boils at 200*. It is eaaily decompoeed at a higher tem- 
pérature. 

(4) Sebacic acid 19 procured by treatîng a mixture of 
lime and suet, wliich has bccn exposcd to beat, by sul- 
phuric acid. It has an acrid taste, and a very puiigent 
smell. It is dccomposable by beat. When mixed with 
nitric acid it enables it to dissolve gold. 

(5) Ubic acid is obtained. from an alkaline solntion qf 
the orinary calculua, by meana of acetoua acid. It crys- 
tallizes in thin plates. Its colour is brown. It baa veiy 
littte taste or smelL It b soluble in three hundred 
parts of boiling water. It combines readîly witb alkaline 
substances. It is acted upon by nitric acid, to which it 
communicates a pink colour. 

(6) pRUSsic Arm is formed when ammoniacal gas îs 
passed over ignited charcoal. It is obtained for com- 
mon purposes from the décomposition of alkaline prus» 
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sîates, by acids. It is exceedingly volatile. Ite smell is 
peciiliar, and its taste is sweetish, but acrid. It is easily 
dccompounded by beat, wheii united to the alkalies, 
producing carbonate of ammonia. It bas a very strong 
affinitj for the metallic ozjdesL Combined withxed 
oz^de of iron it îonna a bxî^t bine subetance» known 
hj the name of pnisdan blue. 

(7) ZooNic ACiD is procured from animal sabetances 
by distillation ; andlikewiso from gluten. It is purified 
by treatment with lime and phosphoric acid. Its smcll 
ÎB like that of roast meat. Its taste is acrid. It is eaailj 
Tolatilised. It produces a white precipitate in the 80- 
lutioDS of acetite of lead, and nitnite of mereiiiy. 

(8) Lactic Acn> is procured fiom sour nûlk bj treat* 
ment of ît with lime and alcohol. It îs a solîd body, 
very soluble iii vvater. Its cLemical piuperLics axe very 
Uttle kuown. 

6. Fifth Class. 

The fifUi dass of the more icompounded substances^ 
may be divided into metallic compouods> and earthy 

aiid alkaline coinpouiids. 

(1) The metallic compounds, containing more than 
two simple phuciples, are extremely numerou£^ but of 
very little importance in the chemical arrangement 
Their properties in gênerai hâve not been studted. 
Amongst the temary and quartemazy alloys in common 
nse^ are the alloys of hismuth with lead and Hn^ whicfa 
are extremely fusible ; the allons of mercury with zinc^ 
tin, and had, used in clectrical experiinents ; différent 
compound alloys of coppcr. There are no known 
temary combinations of the inflammable bodies and 
metals« 
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(2) Tbe eartlis are capable of combining 'with eacb 
other> and with tbe àlkaline substances, in manj di^ 

ferent proportions. A very great number of tbeîr com- 
pounds is found in nature; andmany of ihein aie inade 
in différent artilicial processcs. The coinponnds oï 
almoiae^ silex, lime, and loagnesia» in dijSeient propor- 
tionsy are capable of being 8oliene4» and, in certain 
caees ^ed, bj beat 

In gênerai the eartby» or àlkaline substances» which 
aie iniusîble alone» lose tbis property by being mixed 
together, und becorae fluid at the time that they enter 
into combmation. 

DITIBIOH T. 

09 smSTANCES COMPOBED OF PXFFBBBNT COMPOinn» 
BODIEB, OR OF COUFOUNB B0DIE8 AND SIMPLE BODIE8. 

1. CloâsificatiûH of Substances contaimng différent Cont" 

pound Bodieêf jr<?* 

Tbe substances considered in this division are in 
gênerai capable of being coxnposed eitber &om différent 
compound bodiesy and from compound bodies and 
nmple bodies, or of being decomposed into tbem. 

Henee thej are considered as owin^ ilieir formation to 
peculiar attractions of undecompounded principles, modi- 
iied by a previous combination. They exist for the 
greater part in nature : many of them are capable of being 
formed artificially. If we dérive the metbods of airang- 
îng them from tbeir pbysical relations, they may be 
considered under four classes. 

1. Saline compounds. IL Minerai substances, m. 
Vegetable substances. IV. Animal substances. 
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2. First Class, 

The saline compounds axe substances contamiiig, as 
one of their constituent parts» at least, an acid» an alkali, 
or an oxyde. They are verj numeiouSy and are capable 
of beîng formed, and decomposed, artilîciallj. In 

gênerai thcy are more or Icss soluble in watcr. They 
are ofteii posscssed of tastc. They are chiefîy incom- 
bustible. When solid they are nonconductors of elec- 
tricity. They may be confiidered under three gênera. 
1. Compounds containîng acids. 2. Compounds con- 
taining alkalies. 3. Compounds containing oxydes* 

(1) CoMPOiTNDS containing ACina The acids are 
capable of combinîng with the fixed aJkaline substances, 
with ammonia» with the metallic oxydes, and with ail 
the earths except silex, when they are merely brought 
in contact with them ; and the budies they form with 
them have been geuerally called compound salts. The 
compound salts are usually transparent, solid, crystal- 
lized^ substances. Their names are derived from the 
acids, and the bases» that constitute them. They are 
not of such importance in the gênerai arrangement of 
chemistiy as to require description individually ; and 
they may be considered in species possessed of analo- 
gous properties, and corresponding in number with the 
acids. 

<z. The sulphuric, and sulphureous acids combined 
with the alkaline substances, Sec. form sak^ called respec- 
tively mlphates and sulphites, which are convertible into 
sulphurets by ignition with charcoal. 

b. The compounds of the nitric acid are called 
nitrates, They are decomposable by beat, and detonate 
when mingled with inflammable substances. 

c. Manj of the compounds containing muriatic acid. 
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or the mxariakê, hâve been d€0cribed in Div. IIL Sect 
6. and the rest hâve no important cbaracters. 

d, The compounds containirig phosphoric, and phus- 
phorous acids, or the j^hosphates and plwsphites are not 
decomposable by heat; and they are known firom the 
disengagement o£ their aeids, bj means of «ilpburic 
acid» 

€• The compoundfl containing carbonic add, or tbe 
carhovuiieêf are in gênerai decompoflable bj heat; 

and they retaîn^ more or less, the characters of their 
bases. 

f, The compQunds of the fluoric acid, or the Jluates, 
bave akeady, in part, been descrîbed, Div* IIL SecL & 
In gênerai they evolve a dense wbite vapour on the 
contact of solphuric acid, which coirodeB glass. 

g, Miany of the compoonds of the boracic acid, or the 
herateSf have been noticed in the same division as ihe 
fluates. They are ail fiisiblc at high températures, and 
easily decompounded by diÛerent acids. 

h» The arsemaies and arsemtes, or the salts contain- 
ing the arsenic and arsenious acids^ are knoim by the 
aisenical smeU they émit when bronght in contact with 
hot cbarcoaL 

t. The propertîes of the tungstates, and of the molyb" 
dates, or the salts containincr the tungstîc, and molybdic 
acids, are very little kiiown. The compoiinds of the 
chromic acid or the chromâtes are characterized by their 
peculiar eolours. 

A. The acMes or the compounds of the acetous acid, 
are decomposable by beat, and they are known by 
their acid when it is disengaged by means of sulphuric 
acid. 

l. The compounds of the tartaric acid or the 
JtartrateSf are ascertainabie by their laiutiy acidulous 
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t^kstc, aad the facilitj with which they are decomposed 
hy beat. 

m. The oxaiates, or the compounds of the oxalic acid, 
are distinguislied bj the power of their acid to decofo- 
pœe ail calcareoustalts. 

tL The oompounds of the citric^ the malic^ and the 
benzoîc acids, or the citrateaf malate$^ benzaates, are 
known onlj from the diaengagemeiit and ezaminatioii 
of thehr acids. 

o. The ^allâtes, or Lhc compounds of tLc gallic acid ; 
when metallic, arc charactcrized by their Ftiiking 
colours ; and when alkahne, by their power of precipi- 
tating red oxyde of iron black irom ail its solutions. 

p. The compounds of camphoric, suberiç, mucons, 
and succinic^ acid, or the campkorates, suierates, mucitea^ 
and mteeisudea are f^rj imperfectlj laxown, and they 
are chiefly distingiiîshed by simple decompoâtîony when 
their acids are evolyed. 

q, The formiates, the bambiates, the laecates, the 
sebates, and the lactates, or the conipouuds containing 
the formic, and the bombic, the laccic, the sebacic, and 
the lactic, acids bave in gênerai been very httle 
ezamined^ and they are only known by the disengage- 
ment of their acids. 

r. The pnodateB, or the compounds containing 
prasdc acid, are distincdy charactezized by their varîoua 
coloiârs, or by their powen of producing coloursy when 
minglcd with certain metallic solations. 

5. Tiae zaonates, or the compounds containing zoonic 
acid, are sufïiciently distinguishcd by the animal smell 
produced during the disciiiraprement of their acid. 

t The compounds containing oxygenated muriatic 
add, or the oxygenated muriates, are known by their 
power of detonating bj concussion, when mingled widi 
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inflammable substances ; and likewise tirom tUe disen- 
gagement of their acid. 

«. The hydroiulpkuretip or the combinations of sulphu- 
vetted hydrogen* aie known hj their peculiar amell and 
eolonr, and the iacilitj vith which they are decom- 
poeed. 

Ail thèse compound salts may be considcred as binary 
combinations of acids witli single bases, and uuiy be 
called double salts. But there are other substances 
which consist of an acltl and two bases. Thèse com- 
pounds hâve as yet been very littie examined» Many 

them contain magncsîa and ammonia, or ammonia 
and metallic oxydes. They are called triple salts. 

(2) Saune bodies containiiig alkalinb substances. 
Tlie alkaline substances are capable of comhiiûiig with 
maay other bodies besides the acids. They enter into 
union with oils^ fat^ albumen, alcohol» and other com^ 
pound bodies. 

Amongst the alkaline compounds m est worthy of 
notice are, the soaps, the hydrocrenated sulpliurets, and 
substances containing aikalics and metallic oxydes. 

a. The soaps are formed by the combination of vola- 
tile or fixed oils or &t with the alkaline substances. 
Amongac them the toaps containing patoih, aoda, and 
ammonia, are soloble in water^ decomposable by beat» 
and possessed of an acrid taste and a pecofiar smell. 
The soaps containing barytes, stnmtîem. Urne, and mag' 
nesia, are nearly insoluble in water, and possessed of no 
important properties. 

b. The Jixed alkaline hydrogenaial sulphtirets are pro- 
duced» when the alkaline sulphurets are acted upon by 
water. They are compounds of sulphuretted h jdrogen> 
and sulphoiets. They are soluble in water. They are 
readiiy decompounded by acids^ which combine with 
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the alkafi, when the sulphuretted hydrogen and sulphur 
are rendered free. They are of a yellow colour, and 
possessed of a disagreeable smell and a naiiseous taste. 
They blacken the skiu when applied to it. They rca- 
dily absorb oxygen gas ; and in conséquence, have beeu 
saccegsiully employed as eudiometrical substances. 

Ammonia is capable of combining wth sulphur and 
sulphuretted hydregen^ so as to form. a compound solu- 
ble in water, called hfdrogenaied mlphuret of €miimiim!iam 
This compound is usually formed by tbe distillation of 
a mixture of lime, muriate of ammonia, and sulphur. 

c, The .mbstances containinff aUudieSj and metalUc oxi^des 
will be imuicdiately noticed. 

(3) Saline bodies containin«T oxydes. Many of the 
metallic oxydes are capable of combining with the alka^ 
lies ; and Ûie substances they fi>im with them are pos- 
sessed of yeiy singular properties. Amongst the com* 
pounds of the metallic oxydes and alkalies, the most 
important are the ammoniurets of sîlver^ gold» mercuiy» 
and copper. 

a. The ammomuret of silver or ammoniacal fulminai- 
ing silver is formed when oxjde of silver is digested 
for some time in canstic solution of ammonia. Tt îs 
a crystallized substance ; and it détonâtes with astonish- 
ing violence when slightly heated^ or even when gently 
touched. 

b. The amnumxureU af gM, mereuryf and eopper, are 
procnred in a mannér similar to that in which the am- 
monîuret of silyer is formed. The ammoniuret of gold 

fulminates when it is briskly rubbed, or heated pretty 
stronglj. The anunoniuret of copper does not fulmi- 
nate. It is (fa beautifiil blue colour. 

c. The oxydes of mercury and silver, when treated 
with nitric acid and alcohol^ are capable of beooming 
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po^veifiil detonailn^ compounds. And in tbis state, 
appear to be cqmbined with oxalic acid, and uitrous 
etherized gas. 

The Jubninating mereury, zxAfiihwnatmg iiher, «re 
both opaque bodies, one wbîte» and the other grej* 
They explode at temperatares much below thoee of 
ignition. The discoveiy of thèse substances is owing 
to Mr. Howard. 

Tbe metallic oxydes are capable of combining with 
oils; but the properties of the compounds they form 
with them hâve been Tery little stadied. 

3. Second Class» 

The substances composed of différent compounds of 
the earths, alkaline substances, and metals, bave been 
classed under the gênerai nâme of mineial bodies» for 
. they exist for the most part in nature. The accurate 
daBBification of them, according to a minute obserratioii 
of their extemal pro^ orties, chemical composition, and 
relations to each other and to dîfiferent natural and arti- 
ficial substances, belongs Lu an extensive branch of 
chemical science named ïninerahfjy. In tbis place, they 
wiU be noticed only in their connexions with the sub- 
stances» ivhich may be considered as their constituent 
parte, mentioned in the pieceding sections. 

They may be divided into compounds chiefly métal* 
lie, which are generally ores; or compounds chiefly 
earthv, wbicb are principally stones. 

(1) The COMPOUNDS chiefly metallic. The me- 
tallic oxydes, alloys, and sulpburets, may be considered 
as forming the bases of the very compounded metallic 
substances. 

The metallic oxydes are often found in nature, com- 
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bined with silîcious and alumînous eartb, and likewise 
with certain of the fized alkaline substances ibnning 
différent ores. Thus, the oxyde of iron is found oom- 
fained with alamiiie and lime in the alaminoiu iron* 
Btone. 

The compounds containing metaUîc oxydes are ex- 

tremely vaiicuis in their composition: and their pro- 
pcrtit R are vcry Httlo analogous. Amongst thom may 
be mentioned the hématites^ calamine, and moiybdate 
of lead. 

The metallic alloja and sulphuiets ave o£ten found 
combined together in dififerent ores» Thus the blendes 
or ores of zinc often contain copper and lead; and 

galena, or tlie sulphuret of Icad is oftcn united to sil- 
ver. Thèse combinations are as jet verj little onder- 
stood. 

(2) The COMPOUNDS chiefly containing sA&Tna 
aie in gênerai divided into gênerai» which are named 
firann Û» simple earth or alkaline substance of which 
they contain the laigest proportion. The gênera con- 
taining the greatest number of bodies are, 1. The silici- 
ous. 2. The alaminous. 3. Tlie calcarcous. 4. The 
magnesian. Theae gênera, in the iniiu ralogicai System, 
BÇipLy not otilj to the more compounded substances» but 
likewise to the binaiy and temarj compounds, &c. 

In the HHcknu ffemts, the most important of the more 
compounded stones are quartz^ ûiispat, homstone» cajp- 
nelian, chalcedony, flint, &c. ail of which are feond» 

owing their colours to metallic uxydcs. 

The ahiminous genus contains, amongst other sub- 
stances, corundum, mby, emerald, topaz, shistus, sinec- 
tis, lithomaiga, bde, lepidoUte» aappare, talc, iiom- 
blende, wacken, trap, killas. 

In the oakareouB genus are dassed the yarieties of 
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limestone, dolomite, the mariitcs, the Huâtes, phosp^io- 
rites, &c. which are aU, ia §MSt, oomponnd salts cou* 
taming metallic ox^ea» ècc 

AmongBt the stones belonghig to the magptuian ^ 
imt «pe the 8teatite% the serpentines^ jade, abestos» 
«hi^solite^ &C. 

(3) The earths and the alkaline and metallic sub- 
stances, in their dl fièrent compounds, constitute hy fiur 
the greater portion of the known solid inatter of the 
globe. And thèse compounds, in tiieir natural arrange- 
ment, are found either coUected in immftnae indurated» 
and often stratified masses, as rocks, or in smaller 
masses, as stones and pebbles, or in a state of loose mix- 
tnre, as in soib. 

4, Third Clou. 

The epidermis, the pareiichyma, the cortical hiyers, 
the wood, the pith, the saj), and othcr substances found 
in the roots, trunks, leaves, flowers, and seeds of plants, 
appear the most part, to be compounded of the 
oxydes and acids oontaining oxygen, hjdrogen and 
Carbon» of water, and différent eartbs and salta We 
are, iKnvever, yeiy litde acqnainted with the arrange- 
ment of thèse their constituent parts. 

We can only examine vegetable substances chemi- 
cally in their dead state, Our analysis of them is nene- 
raUy made by beat, and we are wholly incapable of 
proving the accuracy of it hy synthesis. 

The oigans of ditiërent vcgetables, as far as thej bave 
been examined, difier as much in their composition, as 
in their extemal properties, so that it is impossible to 
ipeak wilh aocuracy in any but gênerai terms^ of the 
nature of the substances that compose tfaiem. 
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(1) The soLiD PARTS OF PLANTS. Thc epîàermis of 
plants in gênerai, appears to be in a great measure 
formcd of extract and woody fibre, combined with dif- 
férent eartbs and oxydes of iron. 

The parenchyma and cortical levers in plant% yeiy 
often contain tannin, gallic acid, mucilage, sugar, and 
xem, 

The wood of plants, which is chiefly fbrmed of woody 
fibre, likewise coutains tannin, resin, mucilage, and 
gallic acid. 

The composition oîjiowert is veiy little known. The 
pollen in them b composed of a veiy inflammable sab* 
stance. Many of the fruiU and graîm contain kage 
quantities of fecula, of sugar, and of différent acids, al- 
ways combîned with water and woodj fibie, and in cer- 
tain instances "with gluten. 

The soft matter of the leams of plants oittn con tains 
extract and mucilage, and sometimcs albumen. The 
extenud surface of leaves is sometimes thinly covered 
with wax* 

(2) The FLViD FABTS. The seg» in plants is chiefly 
water holding in solution different salts and acids, with 

a little sugar and mucilage. 

The otherjtdces contained in the vessels of plants, are 
very varions in their composition. Aniongst them may 
be found oils combiued with mucilage, and colounn^ 
and aromatic matters, and other peculiar fluids, capable 
of forming gum, resin, and other substances of the same 
kind, when exposed to the air. 

5« Fcurâi Class, 

The chemistry of animal substances is as yet in its 
inûncy, and the only instrument it can employ is im« 
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pei&ct analysis. The animal oigana in tfae only ttate 
in which they can become the sabjecti of expérimenta 
even in tbe dead atate, are conatantly undergoing 
dianges which cannot bc accuratelj estimated; and 
consequently the account that can bc givcii of their 
composition must be conaidered as more or less gênerai^ 
vague, and uncertain. 

The more compounded subetancea which enter into 
their compoailion, and which are capable of being che- 
micallj examined, are either aolida or fluids. Among^t 
the Bolids may be enumerated akin, muscular fibre, Àe 
maUer ot" iat, the soft mattcr composing tlie iierves, 
membrane, cartilage, and bony mattcr. The principal 
fluids are, blood, chyle, bile, milk, the gastric and pan- 
creatîc juices, and the saliva. 

Thèse bodies, aa fiir as thej hâve been analysed, by 
leagenta, and by beat, appear to consist in gênerai of 
différent proportions of the substances described in Dît. 
IV. Sect. 4. and 6. combined, in unknown arrange- 
ments, and in général in organized forms, with water, 
mucilage, and différent earths, and salts. 

(1) The soLiD PARTS. In the skin^ the epidermis 
appears to consist chiefly of albumen, gélatine, and 
phosphate of lime; and the cutis of gélatine» and 
fibrine, with a vcrj little albumen. 

The muiaiktr fJbre îs almost wholly composed of 
fibrine, combined with gélatine, albumen, and probablj 
certain ncntral salts. 

The matter of fat is chiefly composed of 'pure fat, and 
the sebacic acid. In the state in which it is found in 
animais, it is soft, and is possessed of no regular or- 
ganized appearance. 

The mfi moUer composing the nerves bas been veiy 
little eiamined In some of its properties it is analo* 
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gous to albumen ; but there ia eveiy reason to beUere 
that its compoâtioii is eztremely compEcated. 

Membrane and eartUage are d&iefly composed of gé- 
latine and allmmen» vith a minute quandty of phoe** 

phâte of lime. 

Bony maticr is chiefly composed of phosphate of lime 
combinccl wiih gclatiiie, and sometimes witli a iittle car- 
bonate of lime and albumen. 

(2) Animal fluids. Blood is found in two 8tates> aa 
arterial blood, wbich is of a biîght vermilion colouy; 
and as venoua blood» whieh is of a dark led colouft 
The principal constituent parts of thèse two fluids are 
nearly the same ; and they both, as sooa as they are 
takcn ont ot" the liviug vessels, separate into two dis- 
tinct parts, one of whicb is solid» the coagulum; and 
the other fluid, the seram. The coagulum consista of 
fibiinoi and of colonring particles; of which the colour^ 
ing particles are composed of water, albumen, gélatine^ 
phosphate of iron, and soda. The seram is composed 
of albumen, ^claLlne, and ccrLaiii ueutral salts, licld in 
solution by vvatcr. The red particles in the arterial 
blood appear to contain more oxygen than those in 
the venons blood; and this is probablj one of the 
essential causes of the différence between the two 
fluids. 

The composition of eftyl? is very litde known. There 
18 every rcason to believe that its constituent principles 

arc analogous to those of blood ; and the theory of the 
conversion ot' chyle iiilo blood is a most intereâting sub- 
ject for physiologicai investigation. 

Bile is chiefly composed of animal oil combined with 
soda, and held in solution bj water. It contains, like* 
wise, albumen, and small portions of différent com- 
pound salts. 



Digiiizca by Liu^.' . 



GENERAL POBROXSNA QF CHBIUCAL ACHON. 879 

JlÛik may be fleparated^ by yeiy simple prooesaes» into 
thiee distinct parts, the sérum, the coagulum or the 
caseous part, and the oily part or butter. The serom 

appears to be composcd chiefly of water, holding in so- 
lution mucilage, sugar, and ditFerent salts. The caseous 
matter approaches near to albumen in its chemical pro- 
pertîes ; and the oily matter or butter, seems to oonsîst 
chiefly of a pure oil» probabiy combined with a small 
qiuuititf of mucilage and saccharine matter. 

The chemical composidon of the gcatric and panere» 
atic juices is vcry littlc known. 

The saliva appears to bc chiefly composed of water, 
holding in solution mucilage^ albumen, and minute por- 
ti(ms of neutrai salts. 



DITI6I0N VI. 

OENEBAL PHiBKOMEKA OF CHEMICAI. ACTION. 

1. ClcLSS^catioru 

The phaenomena connected with the composition and 
the décomposition of the componnd bodics, descrîbed 

in the three last divisions, arc capable of bciug gcnc- 
ralized; and as far as tlicv relate to the cheniistry of 
pondérable substances, they may be explamcd bj the 
propositions concemîng the laws of attraction men- 
tioned in Div. L Sect 6, 

AU chemical action, whîch can be considered as re- 
snlting from the prîmary powers of pondérable sub- 
stances, may be divided into four kinds. L Simple 
combination. IL Couipound combination. 111. Sim- 
ple décomposition. IV. Complex decompositiou. 
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2. Simple CmMnaHon, 

(1) Whenever two simple bodies enter into union^ 
their attraction îs mutual, and they appear to act upon 
each odier with difierent forces. In considering thèse 
forces, they will be £>und to dépend, not onlj upon the 
différence between the primaiy affînities of the sub- 
stances for each other, but likewise upon the différence 
of their masses, that is, upon the nuinber of différent 
particles brought into the sphère of activity. Div. L 
Prop. (l) and (4), 

Instances of thèse expressions of &cts maj be foond 
in the bînaxy combinations of simple principles» Divi- 
sion m. Thus in the diffi^rent oxydes of iron, the 
oxyg(_ii is condensed in the solid form ; and it adhères 
to the iron with a force so mucli greater, in proportion 
as the iron is less saturated with it. 

(2) When three or more simple bodies combine, so 
as to form one compound, their forces of attraction de* 
pend upon siniihir causes. Thej maj ail possess dif- 
férent affinitîes for each other, or their affînities may be 
intermediate ; and the numbers of the particles of each 
in the sphère of activitj may be ditf tient. In cases of 
ternary and quartemary combination, 6^c, the con- 
ditions are very complicated; and they can only be 
eBtimated accurately, by a comparison of the foroea 
exerted by the dijOerent substances^ consîdered as to 
their simpÂest, or binary attractions for each other. For 
instances of ternary and quartemaxy combination, &c« 
see Dîv. IV. 

(3 ) When two simple principles, possessed of no-affi- 
nity for each other, act upon a third simple principle 
vith différent forces, two compounds are generally 
formed; and the simple principle acted upon is divided 
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according to the masses of thc acting bodies, and ihe 
différent force of their aftinities. 

Thus vhen différent masses of potash and of soda are 
mingled and made to act upon a small quantity of mu* 
riatic acid, much miiriate of potash, and a small quan- 
tity of muriate of aoda will be formed» thongh either of 
the quantities of alkali would hare been saffident for 
the saturation of the add, and though the aflinitj of 
potash for it is very much greater than that of soda. 

(4 ) Ail chemical action is connected with ciiange of 
volume and change of temperatu rc, Di v. L Prop. (6). This 
circomstance it is neccssary to attend to minutely, in 
judgîng of the effîcacy of combining forces. Foras the 
affinities of substances for each other, are modîfied by 
their température, Div. L Prop. (5), it follows, that in all 
cases of combination, the primary combining forces 
must be |>erpetually undergoing altération, in consé- 
quence of the increase or diminution of the températures 
of the substances acted upon. 

3. Of Conipound ComùuuUioti, 

(1) The affinity of one body A, for another B, is not 

destroyed by its combination witli a tliird C, but only 
niodified ; either by condensation or expansion, or by 
the affînity of B for C. This is an application of the 
observation mentioned in the last section (3), relating to 
the combination of more than two bodies. When we 
reason accuiately u{K>n it, we must résolve the affînity 
of compound bodies for each other, into the affinities 
of their simple constituent prînciples ; and we must 
account for the peculiar circumstaiiccs of their combina- 
tion from the inodificd forces exerted by thèse affinities. 
Thus, in the combination of sulphuric acid and ammonia. 
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five simple aliliiities maj be supposed to exist. 1. That 
of oxygen for sulphnr. 2. That of oxvgen for hydroG;en. 
3. That of 8ulphur for hydrogen. 4. That of nitrogen 
for hydrogen, and 5. That of nitrogen for oxygen. The 
testât af the modification of thèse affinities eaeh 
other» is that equilibrium of attracting îoKces, hj wlneh 
milphate of ammonia is pfodnced. See "Dir* L Flrop. l, 
and ail tlie observations in the last section. 

(2) The modes in w hich compound afl&nity is exerted 
are extremely varions. In considering them, it is 
necessary to attend minutely to the elasticily aod cohe- 
mon of the différent acting principles» and to conâder 
how fiur thèse properties are capable of modîfying the 
force of combinatîon. 

(3) Amongst the cases of compound combination, 
some of the most remarkable are those produced by 
what is called predisposmg affinity. Siich and 
varions other analogous cases, occnr in the ibn&atioa of 
the substances mentioned in Div. V. 

4. Simple Décomposition, 

(1) Wben a simple substance acts npon a compound 
bodv, antl coiiibines with one or inore of its constituants, 
leaving the other constituent or coiisiiuit nts apparently 
unaltered, it is said to act by a simple atiiaity. Thus, 
charcoal when ignited, and placed in contact ivith 
oxyde of copper^ is said to combine with its oxygen» in 
conséquence of its simple affinity Ibr it; so thatcaibonie 
add and gaseous oxyde of caxbon, are formedy and the 
copper remains firee. Div. L Prop. (2). 

(2) It seldom, however, happens that any perfect 
décomposition of a compound body is etfectcd by tiie 
affinity of a simple substance ak>ne. 1^ or» aocording to 
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the observation mentîoned in Section 2, (3), the body in 
coinbi nation is acted iipon by two forces of tUilerent 
degreed of power; and thoiigh a ncw compound is 
£;>rmed, yet the old compound is not perfectly destroyed ; 
and the principle acted upon, is divided betweea the 
actii^ bodiesy accordÎDg to the foxce of attraction result- 
iag ùom their primary aflfinities» and their masses. 
Thus, when mercury acts upon heated solpfauric acû^' 
two new compound.s are formed, oxyde of mercury at 
its miaiiiium of oxydation, and sulpluncous acid ; i. e. 
the oxygen is divided between the sulphar and the 
mercury, according to their respective attracting forces. 

(3) In ail cases» in wbicb complète décomposition 
cppearë to take place from simple affinity, ît geneiaUj 
happens that other poweis are brougbt into action; 
soeh as a connderable increase or ctiminution of the 
force of cohésion lu the particles of the body acted 
upon, wbich, ]>y altering accurding; to circunistances 
ks powers of remaining in its primary compound, dis- 
pose it eitber to become free, or to combine wilh the 
new agent Div. L Prop. (ô) and (6) and Div. VI. 
Sec 2. (4). Thns a complète deccMnpositîon oi the 
white oxyde of mercury is produced bj the agency of 
ignited charcoal. But the beat applied in this process 
acts as much as the charcoal in producing the décompo- 
sition : for beat aloiie is capable of expelling oxygen gas 
jfrom the white oxyde of mercury. 

(4) To détermine the élective affînity of two sub- 
stances for a tbird, it is necessary to détermine in what 
proportion, as equal masses» they are saturated respec- 
tîvely by equal quantities of tbe tbird body. For their 
affinities are inversely as their saturation. From the 
constant exertion, however, of the fifth law of attrac- 
tion» by which the eiasUcity and force of cohésion of 
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the pairdcles of diffeiént bodies are perpetually vaiy- 
ing in différent ratios during chemical action, il 

18 almost impossible to détermine with perfect accu- 
racy their relative forces of attraction for other bodies. 
And the tables of élective affinities laid down in various 
bookfiy must be considered as presenting useful rather 
tlian accurate approximations to the true nature of 
relative affinily. 

5. Complex Deeempotitimu 

(1) Tbe forces by which a new arrangement of the 
pnaciples of two or more compound bodies is produced, 
are usually said to be ezerted by complez ^oity. 
ThuSj red sulphate of iron^ and prussiate of potash ave 
said to be conyerted into blue prassiate of iron^ and sol- 
phate of potasb by complex aflBnîty. 

(2) The same laws apply to complex décomposition 
as to simple décomposition, and in ail cases the phœno- 
mena must be accounted for, from the forces of affinity 
resulting firom tbe masses of the acting bodies, their 
primary attractions, and their dispositions towards 
cohésion, or elasticity. Diy. L the whole of Sect & 

(3) The phienomena of compound décomposition 
bave been very Httle stadied ; and tiie instances relating 
to it, which have been chiefly noticed, are those of 
double atiinity, derived firom the mutual action of two 
compound salts. 

6. Of Crystallization» 

When, in conséquence of chemical action, solid bodies 

are dowly produced, or evolved, they generally appear 
in régulai" pulyL.edial fuimi», i. e. as crystals. 
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The numerous varieties of crjstaiUizatioD» whicb im- 
mediately dépend on yariomily modîfied, and compli- 

cated forces of attraction, arc capable ofbciii<^ explained 
from différent arran^îcments of six primitive forms. 
1. The parallelopidcdon in gênerai. 2. The regular 
tetrahedron. 3. The octahedron with triangular sides. 
4. The hez^onal prism. 5* The dodecahedron^ 
bounded by rhombs. 6. The dodecabedxon» bounded 
by iaosceles triangles. 
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PART IL 

THE CHEMISTRY OF IMPONDERABLE SUBSTANCES. 

DIYIBION I. 
OF HEAT OE CALOBIC. 

1* Jhiroduetimu 

A NUMEBOUS class of beautiful and important appear- 
ances is produced in nature» hj agents, which, though 
reiy imperfectly known, aie yet sufficiently distin- 
gutahed by their imponderability» and other properties, 
fiom the sabstances conadered in the fiiBt part of thia 
syllabus. 

Heat or calorie, as well as light, electricity, and p:al- 
ranism, are terms representing the unkuown causes of 
certain effects, which form an interesting part of chemi« 
cal science, and which withoat référence to the nature 
of the powers bj which they are produced, msy be 
investigated and axrangcd as dmple coUectiona of &ctB. 

# 

(1) Heat was considered as the gênerai power of ex- 
pansion in Fart L Div. L Its particular agencies» and 
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the Iawb by wfaich it û goremed» are wortfay of a minute 
eyaminarion. 

(2) The effects of those actions of heat u}>{)n living 
organs, by vvhich the peculiar sciiisationw of heat and 
cold are produced, are weli known. Tiiey are relativet 
and inâuenced by the state of the oigan. 

(3) Bodies increase in Tolume when heat ia added to 
tbeni, and dimininh in volume when it ia subtracted firom 
tfaern. The exceptions to this Uw are vefy few. Diffé- 
rent bodies, and even the same bodies, when differentlv 
heated, expand în différent ratios, by the addition^ 
of eciual quantities of heat. In gênerai, gases are 
more expansible by heat than iluid^y and fluids than 
solids. 

(4) The more powerini agendes of beat upon bodies, 
are often conneeted with changes in their forms of ag- 

gregation. Solids by a certain increase of heat are con- 
verted into lluids, and Iluids into gases. Abo by a 
subtraction of heat, gases become âuids» and âuids 
solids. 

(5) It was formerly supposed that the absoLute wcights 
of bodies were diminished by heat^ but some délicate 
espenments lately made bave proved that this opinion 
js erroneons. 

(6) Heal is possessed of niost extcnsive ]>owcrs ia 
producing chemical conibinations, and décompositions. 
For as it expands différent bodies in diâerent ratios, so 
it likewise diminishes in différent ratios the attractions 
of tbeûr particles £>r each other. See Part L Dît* L 

3. Of RaâùmJt Heat 
(^1) Heat, when ezisting in the radiant state, maves 

82 
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through space with a velocity almost inconceivable. 
Like lighl^ it is capable of being reflected^ and refiractecL 
And its rajSj as would appear from the valuàble dis- 
coveries of Dr. Herschel, are of différent degrees of re» 

frangibility, bcing for the most part less refirangible than 
those of ligbt. 

(2) Whcu radiaat beat falls upon the surface of an 
opaque body, it îs never wholly reflectcd. Portions of 
it are absorbed bj the hoàj, which become common 
beat of température or £ree calorie. The powers of ab- 
sorbing radiant beat, appear to be différent in différent 
bodics, and ilic} are, in some measure, conuecled witb 
tbeir peculiar culours. 

(3) The radiant beat emitted from the sun is uni- 
formlj combined, or mixed with light; but thèse agents 
are capable of being separated to a certain extent bj the 
prisQL And» as tbe ezperiments of Professor Hctet 
bave proved, the radiation of beat from bodies^ on the 
surface of the earth, is appaientlj perfectly independent 
of the présence of light. 



4. Cjf Ten^peraiure, Capacià/for Seat, Sfc, 

(1) The températures of bodies are said to be high, or 
low, in proportion as thej are capable of communicating» 
or receiving beat. 

(2) And their capacities for heat, are conskïcred as 
great, or small, in proportion as their températures are 
less or more raised by the addition, or diminished by 
the Bubtraction of equiJ quantities of beat. 

(3) Bodies, in changmg their states of existence» bave 
their capacities uniformly changed. And in tîhis case, 
they absorb or give out that beat, whicb^ in cunsequeucc 
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of its peculiar relation to thc heat of température, is 
called latent /œat^ or calorie 9I' combioatioiL 

5. Of the CommumcatiOH of Heat» 

(1) When many bodies of différent temperatam^ «ad 

in différent forms of afrf^^rcgation, are brought into con- 
tact, they ail, after a cei lain time, whatever change they 
may have undergone, acquire a common température ; 
though their heat is communicated, or receired in 
différent manners, and with différent degrees of 
oeleritjT. 

(2) SoUds are the only perfèct conductors of heat> for 

they are the only substances through which heat îs 
communicated, from particle to particle, till the 
ma^^ or System of bodies becomes of the same tem- 
pérature. 

(3) Flmd and aërifarm substancesy strictly speaking» 
aie either peifect or nearly perfect nonconductors of 
heat. For» according to the important discoveries of 
Coimt Ram£>rd, though their partîdes are capable of 

recciving heat from othcr budics, or of communicating 
it to them, yet, amongst those particks themselves, ail 
communication of heat appears impossible. And masses 
of fluids are heated» or cooled^ only in conscquence 
of changes in the spécifie gravities of their partides» by 
which they are carried in succession to the heating, or 
cooling body. 

(1) Whenever, during chemical combination» the 
capocities of bodiea are diminished, their températures 
are uniformly increased; and vice versa» when their 
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capaeities are iucreased, their tem]>eratures are dimi- 
ûished. See Part 1. Div. L Sect 5. 

(2) The chemical changes which are connected with 
the production of the greatest quandtiea of radiant 
heatyand of heat of température tae, 1. The absorption 
of ozygen gas by phosj^oras, chareoal, hjdrogen, iron, 
&c. 2. The déflagration of combustible bodies by 
means of uitrnte, or oxyt^enated muriate, of potash. 

3. The combination of the alkaUes with the acids. 

4. The combination of sulphur with certain of the 
metals* 

(3) One of the greatest diminutions of température, 
pfoducibte by chemical change, is that winch takes 

place from tlic action of muriate of lime, or of nitrate 
of ammonia, or of potash, npon snow. 

(4) Ueat is capable ot being excited by mechanicai 
means. Whenever hard solid bodies aie violently 
struck together, tfaeîr températures are uniformlj 
raised. UkewÎBe m increase of temperstuze Is' pio» 
duced by the friction of soUds ; and that, as it would 
appcar irom tlic valuable cx])eriments of Count llLim- 
ford, under circumstances, wheii thèse substances are 
incapable of undergoiûg either a chemical chaii^^ or a 
change of capacity* 

7. Théories cmiceming the Natwre oJ HeaL 

(1) Two théories concerning the nature of heat have 
been most prévalent amongst philosophers. 1. It bas 
been supposed to be a |>eculiar etiiereal fluid. 2. It 
has been conjectured to be a property of common 
matter ; a spécifie motion of the pnrtidtes of bodies. 

(2) The aignments in fiiTour of the first of thèse 
théorie^ hare been chiefly deduced from the {^uenomma 
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of latent heat» of radiant beat, and of change of capacit y; 

whilst the last of them bas been supported by experi- 
ments on the excitation of beat by friction, in cases 
in which there existed no perceptible source, from 
wbicb, coQfiidered ag a substance» it could possiblj be 
derived. 

(3) The late ejqperiments of Dr* Heischel bave 
demonstiatedy tbat radiant beat nmst be conatituted by 

the motionts of a peculiar substance. And thèse motions 
may be conceived to be eitber rectilinear projections, or 
undulations. 

(4) It bas been lately supposed tbat tbey are undula- 
tions. And on tbis tbeory it bas been assumed» 1« 
Tbat an eburtic ethereal médium exists in space. 
2» Tbat thîs médium is diffused through the potes of 
différent pondérable substances, in différent states of 
density. 3. Tbat radiant beat is consÙLutcd by parti- 
cular uTitlulations of it, wben in a Iree state. 4. Tbat 
sensible beat is occasioncd by particular undulations of 
it, in its States of diffusion tbrougb tbe pores of pondér- 
able substances. Ô. Tbat certain peculiar vibratoiy 
motions of the partides of pondérable substances are 
capable of producing tbe undulations in the ethereal 
médium which constitute beat 6. And reciprocally 
tbat those undulaLorj motions of the ethereal médium 
are capable of producing peculiar vibrations of tbe par- 
tides of pondérable substances. 

(Ô) Thèse propositions are evidently countenanced 
by the expérimenta of Count Bumford and Frofessor 
Fictety on the heat produced by fiiction. Tbey are 
rendered more condusive by the analogy between 
tbe laws of the moliuns of radiant heat, and those of 
Sound. And tbey, in some measure, reconcile tbe two 
, diiterent théories. 
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8. Qf Instrumenta usedin ExperimenU upan Heat 

(1) Thermometers and pjrometers are iustrumeuts 
for measuriûg the températures of bodies. 

(2) Thermometeri are used for asoertaining degrees of 
température^ which are generally not much higher or 
lower than those of the .atmosphère. They are formed 
on the principle of the expansion of bodies by beat ; and 
such substances are eiuployed in tliem, as cxpancl most 
uiiiiormly by successive equal incréments of heat. The 
commou thermometers with mercury and alcohol are 
well known. As thermometers in ail cases act only as 
sobstances giviiig, or leceivîng heat, the quantity of 
fluid they contaûi should in ail cases be very small : for, 
in proportion as it is small, so în proportion will the 
thermoiiietiical expansions or contractions more accu- 
rately dénote the real température of the body experi^ 
mcnted upon. 

(3) Pyrometerê are employed for measuring very bigh 
températures. They are usually formed of baked day, 
a substance which, difiering from almost ail other„ 
bodies, contracts în volume by heat The contractions 
of the pyroineter arc considcrcd as tlic ineasurc of its 
température ; and they are apparcutly great, in propor- 
tion as the températures to which it is exposed are 
high. 

(4) The cakrimeter is an instrument that has been 
used for the purpose of ascertaining the reladve capacity 
of bodies for heat It is founded upon the principle, 

that ice, during its conversion into water, absorbs uni- 

formly the same quantities of heat : and it is composed 
of tin vessel fillcd with ice, and surrounded by ice. In 
this vessel, the substance experimented upon is placed ; 
and its capacity is supposed to be directly as the 



Digiiizca by Google 



OF UQHT. 



393 



quantity of ice> which, when of a given ttmperatare) it 
is capable of GoaTerting into water. 

9. Agency of Heat in Nature, 

Upon the yarious opérations of the radiant heat of 
the Sun absoibed, or rendered sensible in bodies, abnost 
ail the phsenomena wbich are the subjects of metecroh^ 

gical science dépend: evaporation, the solution of water 
in air, and its précipitation iroia ihe atmosphère, the 
existence of rivera^ the ûuidity and solidification oi 
water, &c. 

By this agent iikewise are most of the new combina» 
tions^ and décompositions, of sabstances produced, bj 
which the 7 are rendered capable of organization, and of 

becoming parts of living beings. 

From the chcmical génération of heat in animal 
bodies, during respiration, and other changes, the organs 
are preserved in those states of température, which are 
necessary to the exertion of the vital innctions. 

In shon^ the agency of heat in nature is almost 
uniyeisal; and it either primarily occasions, or mate- 
rially influences, àll the différent changes that take 
place upon our globe. 

DIVISION II. 

OF LIGHT* 

1. Effects ofLight 

lÂght is known to us as the cause of a numerous class 

of sensations. It is possessed of powerfal chemical 
agencies. One of its comuioa eâects is the expulsion 
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of ox jgea in the state of gas ftom bodies with which it 
is looselj combined. Thus, it décompose* tiie mtrie 
and oxygenated mariatic acids, and blackena the salts 
containing oxyde of flilyer. 

2, Lawt of lÀgkt* 

Light moves through space at the rate of 200,000 
miles in a second. It is leâected from certain opaque 
bodies. In paising 11uoug)i transfiarent bodies it ki 
leâacted; aad îte ra^y» ace of difenent degreea of 
refirangibility. They aie aeparated when p a w c d 
through the prism, into seren species, red, orange, 
yellow, green, bine, indigo, violet. The laws of light 
in their relation to vision, constitute the aubject of 

3. Of the artjficial Production of Zdght, 

(1) Light is produced dmiog a number of dieHiîefd 

opérations. 1. By the union of oxjgeii ga;^, and of 
oxjgen in particular states of combination, with certain 
combustible bodies. 2. By the action of the minerai 
. jtcids on the fixed alkaline substances. 3. By the com- 
bination of aulphur with the metals. 4* By the action 
of aulphiuic add upon the moistened oxygenated 
muriates. 

(2) Ail solid, and fluid substances become luminous, 
when heated to a température corresponding to about 
850° 

(3) Certain bodies, called solar phosphori, aAer 
having been exposed to light, exhibit a hiannoiis 
appeanmce in tbe dark; and this appeannoe ia fen- 
dered œote vivîd by Idchhmw of tfaaîr température. By 
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a high degrce of beat indeed, it is at length destroyed ; 
but it is capable of being restored hy a second exposure 
to iight 

(4) Ligbt is prodiiced diuing tbe collision of différent 
bodies, but this phaBDomenon is probablj in genenl 
eitlier dépendent on combuftion, or on tbe excitftiion 
of electrieity. 

4. Opimans amceming the Nature oflAghL 

(1) Two opinions have been formcd concerning the 
nature of light, in its visible state. 1. It bas been sup- 
posed to be prodiieed by the reetUmear raptd motiomi 
of the minote partide» of a peenliar Bubstonce. 2. Il 
bas been considered as tbe undulatory motion of an 
elastic ethereal mediain cxtendcd through space. 

(2) The first of tbes€ opinions bas been for a long 
while most prévalent ; and, indced, even now^ it is 
generally adopted. Tbe iast of them» however^ hm 
been latelj supported by some important arguments 
deduoed bj Dr* Toong, from the analogy betwee» 
the laws of known undulatory motions^ and those of 
light. 

(3) Thmigh the phacnomena of the reflection and 
refraction of light are very analogous to those of radiant 
beat j and thougb thèse bodies are usually présent at 
tbe same tîme, yet the distinctneas between thek 
pli^acHl» as well as their chemical powers of action m 
sufficient to induce us to believe that thej are perfectij 
différent agents. The beat and light in the solar 
spectmni produce perfectly différent efFects: for if 
inuiiate of silverbe exposed to tbe difFerently rcfracted 
rays, it is found that the invisible heat-making rays 
ptodnoe no effect npon it; its coknir is altered by the 
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violet rajB in about part of the time in which it is 
changed by the red ; and, what îs very curions, it is 

likewise acted upon in the spacc bcyond tbc violet rays. 
This circumstance has been noticed by Messrs. K it ter 
and Bôckman, and by Dr. WoUaston. It would appcar 
firom it, that invisible rays exist, which, though poÉh 
sessed of chemical agencies^ and of the highest degree 
of lefiaDgibility, axe» nevertheless^ incapable of producing 
beat» 

The photometer is an instrument for measunog the 
intensif of ligbt Fbotometers havc becn generally 
oonstracted on the supposition that the intensily of light 
is proportional to its power of heating bodies» or to its 
power of produong chemical changes in them. This 
supposition is, however, contradicted by ail ihe late 
experiments on the solar spcctrum: and, in consé- 
quence, the ingenious instruments, to the invention of 
which it has given xîse» aie rendered uselesa» as to their 
primary purpose. 

For measuring the relative intensities of the hght 
emitted by two différent bodies in combustion» a very 
simple and usefbl photometer has been invented by 
Count Rumiurd; and it is founded upon tbc principle, 
that the power of a burning body to ilkimine any defined 
space» is directly as the intensity of the light» and 
inTersely as the squares of the distance. 

6. Agencks qf lÀght in Nature, 

(1) The action of solar light upon liviii^ vc^zctables, 
is in most cases comiected with the production of 
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oxygen gas ; a circumstancc, probably intimately re- 
lated to the uniformity of the constitution of our 
•tiQOflpIwre ; from wkicli ox jgen is constantly absorbed, 
hf tbe m^iation of animais» combustîoD» and other 



(2) Liglit Î8 pomemed of a decîded influence in 

DU)(lil\ inLi" maiiy iiiiLural phaîiiomeiiu. Tlie crystalliza- 
tion of salis is matcrially ?<f^octed by its a^ency. It is 
c^pabie ut ait < ring most oi tbe colours of bodies. And 
it 18 perpetually producîng numerous décompositions^ 
andnew combinations upon every part of the 8ur£M:e of 
the ^he* 

(3) Liglit is possessed of great powers of action upon 

organized bcings. The colours of the Icavcs of vcge- 
tables, and oi their flowers, arc alniost \viiuil\ dcpt ndcnt 
upon it : and vegetables are incapa])Ie of exi&tiug for 
auy great length of time» wben dephved of its benign 
âiftiience* 



DIVISION m. 
OF TUE £L£CT1UC INFLUENCE. 

1. Effects of EUctricity. 

(1) £lectnclty in its différent states of accumulation 
produces différent efiects» In gênera], its présence is 
denoted in substances, by their powers of attracting^ or 
repellin^ under difierent circumstances, light bodies. 
Ekctricity often appears in the form of light ; and, in 
this State, it is capable of igniting bodies, and of inflam- 
ing such of them as are combustible. It occasions 
^ivid sensations, cailed electrical shocks, in passing 
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throagh \hing bodiM. Il u mistble ta the oi|gMif 
of taste aod tmelL 

(2) Electrkity is posMwd of rerj powerM diemiesl 
ageneies. It k ea{>flble of fyrodacing a nimiber of coi»^ 

binations, and of dLcoiiipo.sitions ; and Bome of it» 
effeets are analogous to those produced hj very intense 
degrees of heat. 

(S) Nitric ackl is formed from ozygen gas and nitio* 
gra bj means of electiickj; Water ia oonrverted 
bj tt into ozjgen and hydrc^n. And ammoni* ia 
decomposed into mtrogen and hjdrogen, 

2. Qf the Condmtors and Nonconductors of Electridty, 
and of tkeir différent Statef with regard to EkdrteUyê 

Amongst the condactois of ekctricîty are the metàb^ 
charooal^ the âuid acide, water, and moiat animal aad 
vegetahle substancea. Amongst the nonconductors are 

glass, resin, wax, sulphur, phosphorus, oils, dry gases, 
and ail the solid compounds containing eartbs only, or 
aikaline siibstanres. 

Bodies whea activeiy electrified, are either in the 
positivci or the négative state. When in the positive 
State, they are supposed^ in the cotnmon theory, to 
contain more than their natural quantity of electrical 
influence, and when in the négative state les». 

The processes by which the equihbriam of electricity 
in liodies is dcstrojed and restored, tho effeets con- 
nected with thèse processes, and their relations to the 
gênerai properties of matter, are capable of being 
ezplained npon mathematieal principies, and they 
are . consideied aa constituting the gênerai êdence if 
éiedridig* 
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les of exciting ekc* 



tricity; is by the ùieûoD of two noncondDctons ov â 
aoncoadnctor and a condnGtor. 

(2) When a glass cylinder, or a circular plate of gUM^ 
mounted npon a noncondncdng stand, is made to revolve 

upon lis axis, so as to rub against cushions of leather 
covered with an amnîfiam of uicrciiry and zinc, the elec- 
trical equilibrium is destrojed. ïbe cushionsy and the 
conductors in contact with them^ become negativelj 
dectiiiied ; and a condnctor placed near an j part of the 
f^Mê, whîch is not in contact with the efaâkkm, becomes 
pomtivel j electrîfied. 

(3) When globes, or cakes of resin, are used in the 
same manner, clcctricîty is likcwise excited ; but in this 
case, the cushions and their conductors become posi- 
tively, and the other conductors or the piïme conduct<m 
negatively, eleetrified. 

(4) Electricitj ia excited in certain noncondoeting 
bodies, merelj by changes in their atatea of température. 
The topaz of Brazîl, and the tourmaline, become elec- 
trical whenever thcy are gently heatcd; and suîphnr 
and Rcnlini: wax when coolcd after haviog been meited^ 
are found strongly eleetrified. 

(5) Indeed» whenerer bodies change their forma of 
aggregation^ whether from the agency of heat, or other 
causes, there is every reason to belieye» that their states, 
with regard to electricîty, are changed. Water, during 
its conversion into vaponr, appears to absorb iimch elec- 
tricîty ïrom the bodies in contact with it, so that thcy 
become negatively ek^ctrified. And diiring the con- 
densation of aqueons vapour» electricity is evoived. 

(6) Electricitj is ci^able of being excited bj the 
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action of difieient conducting substances on each other; 
but the modes of tbis excitation, and its gênerai con- 
nection wiih chemical changes, constitute a science 
wliicli lias been hitherto distinguishcd from common 
electricity, by the name of galvanism^ and which will be 
immediatelj considered* 

4. Théories concerning Electricity, 

Electricity bas been supposed to dépend upon the 
agencies of two particular substances, which bave been 
called, from the modes of their excitation, vitreous, and 
résinons electricity. It has likewise been supposed to 
owe its existence to the agencies of one spécifie body. 
Tbe last of thèse théories has been lately geneially 
adopted by the greater number of philosophers. It has 
been elucidated by the investigations of Dr. Franklin, 
Mr. iEpinus, and Mr. Cavendish : and it is adéquate 
to the solution of ail the phaenomena. 

Tn thîs theorj, the différent elcctrical appearances are 
accounted for from the foUowing suppositions, 

1* The particles of the electricai fluid rrpel each 
other with a force diminishing as their distances 
increase. 2. They attract particles in ail other bodies» 
with forces increasing as the distances decrease; and 
the attraction is mutual. 3. Thev mo^e thruunrh the 
pores ot coiiductors with pcrfect case, and with great 
velocity ; but they either move vnth. great difficulty, or 
they are altogether incapable of moving through the 
pores of nonconductors. 4. They are capable of being 
transfened from the pores of one body to those of other 
bodies ; so as to exist in states of accomulatîoD, and of 
defidency. 
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5. OfJSUdrical Instrumentée 

(1) The Leyden phial is a glass vessel, parlially coated 
on its internai and extcrnal snrfaccs witli tlnfoil, or othcr 
conductiug substances. It is chai]ged by electriijing 
one of its surfaces positively, at the same tîme that the 
other surface is connected with the ground, by which it 
Î8 enabled to become negatively electrified. It is dis* 
charged by Connecting, by means of a conductor, its 
positivcly and lu gativcly electrified surfaces j wiien the 
equilibrium is rcstorod. 

(2) The electrophorus is composed of a nonconduct- 
ing plate, which is generally of resin» attached to the 
upper surface of a conductor, and of a oonducting plate 
faaving a noncondacting handle. Aiier the noncon- 
ducting plate bas been once excited, its under surface 
being connected with the <: round ; the oonducting 
plate, as oftcn as it is laiti upon it aiul brought in 
contact for a moment with another conductor, will so 
oâen be capable of furnishing a spark, after having 
been removcd from it» by the nonconducting handle. 

(3) Bennet's electrometer is composed of two gold 
leaves, attached to a oonducting plate, and enclosed in 
a tube of glass. It is used for ascertainiug the présence 
of -lUcill quantîtîes of clcctricity in bodies ; which axe 
denoted by the séparation of the Icavp^?. 

(4) The condenser, the doubler, and the multiplier, 
are instruments generally employed for the purpose of 
rendering sensible, by means of the electrometer» quan- 
tities of electrîcity immediatêly imperceptible. 

6. Agency of Eiedricitif m Natwre, 
Eiectricity appcars to act an important part ia most 
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of the natixral opentionB that take place upon the sor- 
fiu» of our globe, ani în the atmosphère. Lightning^ 
thnnder, the aurora borealis, and manj other pliano- 
inena of meteorology, are caused immediately by this 
powerful iigcnt 

By the extensive action of electricity various changes 
in fiving and dead matter are peipetodttj prodaced. It 
occaBiona» or acceleratea^ in many instances» the phse- 
nomena of fermentation» of putie&cdon» and of the 
gênerai décomposition of oi^anized compounds. 

DIVISION ly. 

OF OALVANISH. 

1. Ofik6 Nature of OahanùnL 

Galvanisni relates to the pcculiar chemical and clec- 
trical plisenomena, which are occasioned by the contact 
of différent conductors of electricity. 

This science» though yet in its infancy, is composed 
of a nnmber of important ftcts. Its relations are veiy 
extensive» and it fbmishes powerM and norel instru- 
ments of chemical and physiological investigaticm. 

2. Of the Comtruction ofthe leoit eompUcaied Gohamc 
Arrangements, t. e. Simple (Hreles, 

(1) The conductoTB of electricity» which by their 
mutual agencies are capable of prodacing galvanie 
appearances may be divided into two classes. 1. 

Perfect conductors, uhicli are either metals or cliarcoal. 
2. Imperfcct conductors, which are either oxydated 
fluids» or substances containing such fluids. 
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(2) For the composition of a aimple galvanic circle^ 
at least two conductora of one clasSy aod one of another 
class are required. And thej must be so disposed that 

the condttctors of the one class may be in contact with 
each other in one or moK ])oints, atthe same tinie that 
they are connected in otiicr distinct points with the 
conductor of the other class. Thua, if plates of zinc 
and gold be made to touch each other in one points and 
be connected together in other points, bj a portion of 
common vater, or dilnted mnriatic acid» a sîm^^e 
galvanic circle is fbrmed. A simple galvanic cirde is 
likewisc forniud wlien separate portions of water, and 
solution of hydrogenated sulphuret of potash are con- 
nected together in one point) and brought in contact in 
other points with a pièce of silver* 

(3) £yery arrangement, however, of two conductora 
of one claas with one of the other, is not an acting 
galvanic circle. For the production of galvanic effects, 
it is necessary, thaL tbc lluid part or parts of the circle 
should be capable of acting chemically upon the solid 
part or parts of the circle. The most powerful circles 
are those in which two différent chemical actions are 
ezerted in différent parts of the arrangement; and in 
every acting circle there is at least one poin^ in which 
oxydation, or some other chemical change is takîng 
place. 

The following tahles, in which some différent simple 
circles are arranged in the order of thcir powers, will 
show how intiinately primary chemical changes are 
connected with the production of galvanism. 
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TABLB OF 80MB OALVANIC GIRCIBS» 

COMPOSBD OF TWO PBBVBCT COBD1TCTORS AITD OKB 
IXPBRFBCT OONDUCTOB. 





Line. . . 




Witk gold, cliarcoal, 




''Solutions of nitric 


u 




§ 


silver, eopper, tin, 




acid in water, of 


C 

S 
<tt 
x> 




1 
1 


iron, mercury. 
gold, charcoal. 


• 


muriatîc acid and 


Iron. . . 


"S 

*5 


< sulphuric acid, &c. 


s 




silver, copper, tin. 


«p 


Water holding in 


o 


Tin . . . 


Ji 


gold, silrer, 


ting 


solution oxygen, at- 


es 




"i 


charcoaL 


^mospheric «ir. kc. 


•o 




-a 


— gold, Bilyer. 


33 


r Solution oi uitrate 


>t 

H 

O 


Lead . . 


>, 

X 


>> 

X 


J of silver and mer- 




Copper . 


o 


gold, BUver. 


O 


1 cury. Nitric add, 


o 






V^acetous acid. 




Silvcr. . 


h] 


— gold. 




Nitric add. 



TABLB OF SOHE OALYAMC CIRCIBS, 

C0MP08ED OP TWO I.Mrf.HFECT CONDUCTOBS AND ONE 
PEKFECT COXDUCTOR. 



S 

o 

0 

C 

O 

u 

PU 



Charcoal. 
Copper . 
Silver . . 
Lead . . 
Tin .. 
Iron. 
Zinc . . . 



te 
f- 
O 

U 

C3 
O 

U 
*j 

v 

a 



Solutions of hydroge- 
nated alkajineBul- 

phuretâ capable of 
acting on the fir>t 
three metals, but 
notontbelaatthree. 



90 

2 
a 



Solutions of nitrous 
acid, oxygenated 
muriatic acid, &c. 
capable of actîn!^ 
ou ail the metals. 



Z, Ofihe Agencies of Single Galvanic Circles, 
The galvanic influence is manifested in siugle circles» 
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either hy its power of aetiDg upon living animal argang, 
or by its chemical agencies. 

(1) When the longue is made part of a simple gal- 
vanic circlc, an acid taste is perceivcd, and whcu liie 
eye is conuected with it, a ila.sh of light is produced. 

(2) When the galvanic agency is made to act on a 
musde, and the nerxe attached to it, which bave just 
been separated firom the body of a living animal, mus- 
cular contractions are uniformly produced. 

(3) In ail the single galvanic cîrcles, the primary che- 
mical actions arc increabtti, and to a certain extent 
modified. Tlms when zinc, which oxydâtes sîowly 

• when cxposed to the atmosphère iu contact with water, 
is made to form a galvanic cirde with that fluid and 
silver, it oxydâtes rapidly ; and an alkali appean to be 
fonned in the water at its points of contact with the 
«ilTer. Likewise^ when iron and sOver form a circle 
with dilulcd muriatic acid, the action of the acid upon 
the iron is increascd; and bydrogen gas is not only 
evolved from the water in contact with the iroD, but 
lîkewise from that in contact with the sUver, 

4. Of Compomd Galvanic Circks or Galvanic Batteries» 

(1) Galvanic batteries are composed by séries of the 
substances which form simple circles ; and thèse sub- 
stances are arranged ni siich a nianner, that the con- 
ductors of the same class in every séries are in contact 
with each other in one point or more^ at the same time 
that they are respectively connected with différent con- 
ductors of the other dass» so that a regular altemation 
is observed ; the order being, conductor of the one class, 
conductor of the one class, cuiuluctor of the other cLass, 
and so on. Thus^ if plates of zinc and of sUver, and 
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j)ieces of cloth of the size of tbe plates, moistened in 
water^ be arranged in the order of zinc^ silver, cloth; 
nnc» nl?er> cioth» and so on^ till twenly séries are con- 
nected together» the galvanic batterj of Volta wiU be 
formed. Likewise a galyanlc batteiy wiU be fonned if 
pièces of tin, iron, or cfaaicoal, be introdiiced into 
glasses fiUed sume with water, and some with nitric acid, 
and connected in pairs by sipluiiis, in the order of 
métal or charcoal, acid, water ; métal or charcoal, acid» 
water, and so on, till twentj séries are constructed. 

(2) The substances most active in the simple drcles 
«te likewise most active in the compound circles. And 
in ail cases, the relative quantitîes of galvanic power 
exhibited by e(|uiil riLimbcrs of différent séries, are in 
some measurc pruportional to the intensity of the 
peculiar primary chemical agencies, exerted by the 
différent conductors composing them, on each other. 
The tables of the simple circles wiU indicate» with tbe 
necessary changes of amngementy the powers of such 
compound circles as are composed of mmilar parts. 

5. €fthe Agenctes of Gahanic BaUeries. 

(1) The galvanic influence in its accumulated state 
in compound circles, produces veiy singular phjsical 
and chemical efiPects, and exhibits many of the appear» 
ances of common electricîty. 

(2) It produces shocks, when made to act upon ihe 
human body, which arc very analogous to those occa- 
sioned by the clcctrical battcry. 

(3) It passes through air and certain other noncon* 
ductors in the fbrm of sparks; and in thîs state it is 
capable of bumîng chaicoal» and metallic bodies, when 
they are in contact with the atmosphère; and like- 
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wise of inflaming miztiiref of oxygea gas and hydrogen 

(4) It affiects the electrometer ; and ia capable of 

comniunicating weak ciiaiges to thc condcaser, and 
Lejdcn phiaL 

(5) In passiug through common water ùom perfect 
oonducton, it eâects chemical chaDges veiy analogoua 
to thoBe taking place in the différent primary seriefl^ in 
wiiich it waa ezcited ; producîng în its positive state, 
oxygen and an ac^; and in its négative state, hjdrogen 
aud au alkali. 

6. Cfeneral OhsermxHons m Gahcmie CireUs» 

(1) Provided those points of contact, in both the 
simple and compound galvanic circles, in which the 
ehendcal agencies of the différent conductors on each 
other are more particularly exerted, remain permanent, 

the parts of the séries, whicli do not iiumediately act 
chemically on cacli ollier, niay be connccted together 
by means of conductors of their own class, without any 
other change in the agencies of the circle than a dimi- 
nution of their intensily. This diminution, with regard 
to perfect conductoisi îa barely perceptible; though in 
the case of imperfêct conductors it is evidently, in some 
measurc, correspondent to thc increase of iIil Ic ngtli, or 
what is appareil tly équivalent, the diminution of the 
suriacc of the chain that they compose. 

(2) The agency of the galvanic influence wlûch 
occasions chemical changes în water» and oomnmni-» 
cates shocks to the iiving body, is piobably» in some 
measure, distinct from that agency which produces 
sparks, and the combustion of budies. The onc ap- 
pearsy ail other circumstances being similar, to hâve 
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little relation to surface in compound circles ; but to be 
great in some unknown proportion aa the séries are 
numeious. The intensily of the other seems to be as 
much connected with the extension of the sur&ces of 

the séries, as witli thcir numbcr. 

(3) A m eus lire of the intensily of tliat agencj in 
galyanic batteries, which produces chemical changes in 
water, may be derived from the quantitj of gas it îs 
capable of evolving in a giyen time ; or îcom the length 
of the fluid chain through which it can be transmitted. 
The comparadve forces of différent batteries may be 
determined by Connecting them in an order différent 
from that of the regular altemation, so as to produce a 
certain annihilation of powcr; for in ail instances when 
the most oxydable part of oae séries is connected, bj 
means of a âuid^ with the analogous part of another 
equal séries, the galvanic powers of both are destrojed. 

7. Théories emcermng GttlvanisnL 

(1) The obscuritv of the galvanic facts whîch wcre 
iirst noticed^ and their apparent insulation, gave rise at 
an early perîod of the science^ to maoj diâ^rent théories 
cbnceming galvanism. It was supposed, 1. That it was 
a peculiar ethereal fluid. 2, That it depended upon 
hydrogen, disengaged during the decomporâtion of 
water bv inetals. 3. That it was the electrical Ûuid 
existing in a peculiar state. 

(2) yince the discovery of the agencies of the accu- 
mulated galvanic influence, the last of thèse sappofiitions 
bas been adopted by the greater number of those philo- 
sophers who hâve studied the subject with accuracy. 
Galvanism is now gênerai iy believed to be electrîcity; 
and the chief différence that prcvails in theory, is with 
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respect to the manner in wiiich this electricitj is 
excited. 

(3) M. Volta has supposed» that an electxicai current 
ÎB alwajB prodaced hj the mere contact of certain dif- 
foent conducton of electridty. Bot many of the 
British philosophets haye denied this position ; account- 

ing for gcilvaiiisin from the destruction of the equilibrium 
of electricity in ^alvaiiie circles, in conséquence of the 
chemical agenciez of the dilierent bodie» composing 



8. 0/ the Appearance of Galvmmm in Animal Organs. 

(1) The well known facts relatîng to the torpédo, 
electrical ecl, &c. prove that galvauic electricity is 
capable of being excited by the agencies of living organs. 
Thèse tacts» compared with the phœnomena of the pro- 
duction of muscular contractions by galvanism» lead to 
inteiesting inquiries concemîng the relation of this 
influence to liying action, The gênerai connection of 
electricity with physiology and^th chemistry, which îs 
at prcbCiiL involved in oljscurity, is probably capable of 
expérimental clucidation; and the knowkclgc of it 
would evidently lead to uovel views of the phiiosophy 
of the impondérable substances. 
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PART HL 
THE CHEMISTRY OF THE AETS. 

or ▲GBIGTJI'TQBB. 

1. Of ihe Growth of VegetabUs* 

(1) Vegctablcs dérive tteir compoiicnt principles, 
which have bccu describcd in Part L Div.V. and which 
OSQ, for the most part^ hjdrogen^ carbon, oxygen, and 
nitrogen» either from the atmosphère by which they 
ace BiuToimded, or from the soil in which they giow. 

(2) They axe capable of being piodoced fiom aeeds; 
and the process of Tegetation appean to dépend upoa 
the perpétuai assimilation of varions substances to the 
organs of the plant, in conséquence of the excrtion of 
their living powere^ and of their chemical aâinities* 

2. Of the Lifluence of tJie Atmosphère on Végétation, 

(1) The atmosphère îs chiefly composed of about 78 
parts of nitrogen gas, 21 parts of ozygen gas, and 1 part 
of carbonic acid gas. But thèse aenfonu iiuidâ aiwajs 
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hM kl solotîoQ a conflàdenbk qomtitjr of water; and 
at Ihe BQi&oe of the aanh» many vapoiuiSy and diflfotMit 
soiid and floid bodias, are pcrpetoally suspaiided in 

tkem. 

(2) Flaiits are incapable of vcgctatinpf when deprived 
of air. The changes tlicy effect in the atmosphère are 
intimately conoected with ihe agcneies of light: for, 
thougb tbey evolre oxygen gas froni their leaves, vrhen 
espdeed to the direct raya of tbe son; yet» in the 
flhade, and in darkneiSy tliey seem to abiorb this princi- 
ple ; and at the same time to give ont eatbonic aeid. 

(3) The végétation of plants is much assisted by pu- 
trîd vapoiirs floatin^ in the atmospliorc. Air saturated 
with moisture is much more favourable to the process 
than dry air. Portions ci the carbonic acid in the at- 
mospheve/ aie petpetoally abeorbed în the h^^t, by 
tke ûvâÔB in the yeasela of plants; and ftom Ûôb inb- 
stanoe is probably deriTed mueh of the cartxMi they 
coQtain. 

(4) Oxypren gas, or oxygen in a state of loose com- 
binatîon, is absohitcly essential to the germination of 
seeds. By means of it, the mucilage they contain, is 
peoibêblj converted into sugar; which appears to be 
tke ûnt fix>d of the plant. Ozygenated muriatic acid 
is a substance Tery active in prodncing the évolution of 

geCDQU» 

0. OfSinh. 

(1) Alumine, silex, and carbonate of lime, mii^led 
or oombined in différent quantities» and in diffurant 
atates of cohésion» constitute the gieater portion of 
aoilk Thèse substances appear, however» to oontîibute 
very little immediately to the nouxiflhment' of plants; 
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but^ from the peeuliar fonn of their mîxtoïe/ they en- 
able them to grow^ so as to be exposed in the best pos* 
sible maiiner to the influenoe of the atmosphete; and, 

at the saine time, thej supply them in a proper nianner 
witli water and other fluid substances, which are per- 
petuallj dcposited or formcd on the 8Ui£u:e of the 
earth^ and which are esseatial to their existence. 

(2) Ahnoet ail soils contain certain portions of de-, 
composing yegetable matter, which» when acted upon 
by water, and the ozyiB^n of the atmosphère, prodnee 
compoiinds, capable ot" bcing absorbed by the organs of 
plants, so as to forni part of their nourishmenL Like- 
wise, soils in gênerai contain oxyde of iron, and various 
neutial salts : and thèse compounds, under certain cir- 
cumstancefly appear to accelerate végétation; eitherby 
their agency on the living powers of plants, or by pro* 
ducîng sudi changes in other substances, as enable 
them to become the food of plants. 

(3) As différent vegetables are nourished by diflferent 
iuod, and as they require to be supplicd with food in 
various manncrs, so they vegetate to the greatest ad- 
vantage in différent soils. 

The nature of the soils^ however, which différent 
vegetables demand, must, in some measure dépend 
upon the state of the surroundîng atmosphère. 

In countries wherc the au' is diy, and where very 
httle rain falls, the soil should be extremelj retenti ve of 
moisture ; and in this case, it should contain a vexy con- 
sidérable proportion of aluminous earth. 
' Sandy, and silicious soils are the least tenadous and 
setentive of water; and of course they are eztremely 
pemîdous to végétation in dry climates. 

(4) The constituent principles of soils may be easîly 
diâcovered by chemicai aualjiiàiâ ; and their relative 
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powers of absorbiag and retainiog moistuic by means 
of the hygrometer, 

4. OJ the Action of IVatcT mi Vegetables, 

(1) Water û absolutelj eagential to the life of ^rege- 
tables. It is abflorbed by them in great quanddes firom 

the atmosphère, and from the soil in which llicy grow. 
It almost wholly composes the sap containcd in thcir 
vessels, and coutributes loateriallj to their nourish- 
ment 

(2) There is every leason to believe thaï the hydro- 
gen» vhich in différent compoonds îomtB 80 coosider» 
àble a portion of tfae organized matter of plants» is ob- 

tained in a great measure, from the décomposition of 
water; and the oxygcn, which they evolve when ex- 
posed to the solar ligbt, is probably derived from the 
same source. 

(3) The water absorbed bj plants, not only holds in 
solution certain portions of carbonic acid» and of atmo» 
spheric air, but likewise oflen mucilage, gélatine, and 

other substances, the products of spontaneous veget- 
able and animal décomposition, uhich are in a state 
eminently adapted to become parts of living veget- 
ables. 

5. Of the LgiuAmce of Ileat and UgM m Vegetahles, 

(1) A certiûn degree of beat îs absoluteiy essential to 

the presers^atiou of the hfc of plants. At températures 
much below the frcczinp:; point, the living action of 
their vessels is destroyed, and the iluids that they con- 
tain are frozen. 

• (2) The greater number of plants grow and eyolv". 
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iiew orgaDS oaijr daring the spring aod iiunmer Tnnmtj^, 
Afier they hâve produced seeds» theîr excitability îs ex^ 
hausted by the beats of automn : and duiing îhe cold 
of winter tbose decomposîtioii8> and new combinationB^ 
which are cotmected with the process of végétation» 
cea^c aLtogellier. 

(3) Plants when deprivcd of ligbt soon become pale 
cûloured and uniiealthyt th& âuida accumulate in tbeir 
maeb in more tban tbcîr just proportiona» iod tliejr 
aee nandered incapable of pvoducing aeeda. 

(4) There is every reason to believe, that the presmse 
of ligfat 10 eonnected with the décomposition of water 
and of cai-bonic acid by plants ; and so far, it may con- 
tribntc to tbe formation of tbeir solid parts. The pro- 
duction of resin, gum, and tannin, in the epidermis and 
cortical layers of plants» appeais to be materiaUj iiH 
fluencad by this agent 

6. OfManures* 

(1) Manures are substances used for acceleraiing the 
process of vepretation ; and they are eithcr mingieU with 
the soil, or dtrewfid over it. 

(2) Tiia moat nseful mannres $te ilmee which inune- 
diately supply nouiiahment to the plant AmoDgst 
them* are yegetable, and animal matteis» that haye 
undergone putréfaction; dung of diffisrent kinds ; and 
varions substances givcn out as excrcmcntitious by ani- 
mais, wliicli contaiii carbon, hjdrogen, and oxjgen, in 
such combinations as rcadily enable them, under certain 
ciienm&tances, to be absorbed by plants» and to 
cmUned with tb^ <Mrgam 

(3) The manuies of secondaiy nse are sucb» as witb- 
QUt supplyiog immédiate oomshmcQt to plants» hMten 



Digitized by 



ow MxtacotTmE, 



415 



iheir growth; eitber bj rendering their oaxxuBOQ ibod 
MK iratiitifie itt conséquence o£ their chemiotl «geneiet 
npoii it: or hj fdwnbttmg tiie ^regelahlB oij^ttu^ so «• 
to enafale thcâm to act ivith greater emergy upon ùôê 

Varions préparations of lime, gypsum, and différent 
neutral Rnlts, arc considered for tlie most part, asmanures 
of secondary importance: and in conséquence, thèse 
sabstanees are employed with advantage in soch aoila as 
contain moch alowl j decompofdng yegetable malter. 

7* Qfthe CukivMtùm of Lands* 

(1) To luidcrstaiid the mode of procuring from a given 
quantity of land, the greatcst ]>o?sil)k^ ])roportion of such 
vegetables as are neceasAry for humau food, the food <^ 
animais, or for odier puiposea conncctcd with human 
wantSy 18 the great deskieratom in agrieuitnve* 

To obtain thia dendeiatutn» it ia neoesaarf to atudy 
inth aecoTaey the nature of tlie diflRsrent aoîla whîch 
are tihe subjects of agricultural opérations ; to discovcr 
by experiracnts what vegetable substances they are best 
calculated to support ; and to détermine how lar their 
nature may be modiûed, by succeaâons of crops of 
différent yegetables» or improved^ by fidlowing^ limin^ 
or other analogous prooeases. 

(2) The knowledge of the proper mode of cdtivating 
the earth, is conncctcd with almost ail the physical 
sciences; and the phœnomena of végétation, constîtnte 
a great part of what is known conceroing the philosophy 
of livîng nature. Agriculture, as it bas been hitherto 
practiaed^ is an art veiy little assisted by theory. From 
the modem diacovenea in chemistiy, there ia every 
leaaon to belicTe^ that it is endnently soaceptible of 
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improvement; and we may venture to hopo, that in- 
quixies concemiDg it wiii become generally interest- 
ing^ as thcj are intiiDatelj lelated to the well being of 
Bodety. 



DIVISION IL 

OF TAsmsa, 

1. 0/ the Nature qf Tanninff» 

(1) Tanning îs that art by which the skins of ft n î m ulg 
are impregnated with tannin or the tanning principle, 
in such a manner as to be xendefed tenadous» duridble» 
and impenneable to water. 

(2) The processes by whicli skins arc tanned, are 
extrcmely various in différent countries, and even in 
diiièrent provinces of the same country. When» how- 
ever, the theoty of the art is examined, they may be 
easily generalised, and consîdered under two head& 
1« The depiladon and preparatLon of skin for tanning. 
2. The imprégnation of prepared skin vàih the tanning 
principle. 

2. Proeesses of Tanning, 

(1) Defilation and fbbpabation of ssm. The 
depilation of skins is nsoally effected; eîther by an 
incipîent putréfaction, or by the action of lime water on 

the epidcrmis. After depilation, they arc prepared for 
combiiiaLion with tannin, in one case by the action of a 
very dilutcd solution of sulphuric acid upon them ; and 
in the other by the agency of certain weak alkaline 



Digitized by 



OF TANN lira. 



417 



lizivia, formed by the action of water upon certain 
animal excréments. 

(2) lMFBaGlIA.T10N OF BBJS WITH TAHUDr. The SOltt- 

tions employcd for impregnating skina with tannin, are 
made by the infiision of varions barks, and other aub- 

stauccs in water. They are iised of différent degrees 
of strcntrth ; and in common opération the skiiis are 
first cxposed to the action of weak solutions, and are 
afterwards introduced into stxonger oncs. The time 
reqnired for tannii^ différent skins is yeiy différent, 
and dépends in a great measure npon the quantities of 
tannin dissolved in the solutions empi jjcd. 

S, Ofihe Compositwn and Texture of Shxa^ 

(1) The skin, as taken from the animal by mechanical 
means, is evidently composed of three distinct mem- 
branes* 1. The cutîcle or epidermîs. %, The mncous 
membrane. 3. The 'cutis or tnie skin. 

(2) The epidermis is a membrane possessed of very 
littlc oi^anization. It is formed by the union of a num- 
ber of small scmi transparent plates. It is composed 
chiefly of albumen combiued with a httle gélatine, and 
phosphate of lime* It is very little acted upon by water, 
but is extremely soluble in fixed alkaline solutions. 
See Part I. Dît* IV. Sect 4. 

(3) The mucous membrane, which is sîtuated imme- 
diately undcr the epidennis, upon the true skin, is com- 
posed chiefly of ne rvous papillaî, and of a soft gelatinous 
substance, which is supposcd to contain the matter that 
gîves to the skin its peculiar colour. 

(4) The cutis or true skin, which forms by fax the 
greatest and most important part of the skin, is a thick, 
fhm, elastic substance, constituted by a numberof fibres 
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intenroren with «adi other and intenected hj small 
blood yeaseUi and nerves. It is oompoeed of gelatiiie 
oombined with a small porticm of fibrhie» atbamen» and 

phosphate of lime. It is acted upon by boiling water, 

and its gélatine is dissolved. The aqueous solution of 

this gélatine hj evaporation forms glue. See Fart L \ 

DÎT. V. Sect. 5. 

4» 0/ Barki an4 other Substances emphyed forminf , 

T€mning lAxma, 

(1) In Britain, the oak bark is generally used for pro- 

ducing the tanning lixivium. It is strippcd from the ' 
trees in spriog, and is rendered dry by cxposure to 
light and air. The tanning lixivium is fonned bj in- 
troduciiig it in small fragments, or ip ooafse powder 
into oold water, wben its soluble parts are dowly 
dissolved. 

(2) The baiks of tlic willow, tlie hazel, the chesnut, 
the ash, the poplar, and of many other trees, are equally 
proper with that of the oak, for forming tauuing lixivia; 
bnt in gênerai they contaîn a smaller quantity of the 
tanning principle. Inallbarks, the epidennis contaîns 
the least proportion of tannin. And even in tfae cortâf 
cal layeFS this sabstanoe is most abondant, in proportioii 
as they are ncarer to the "woody fibre. 

C3) Besides tannin, the aqueous infusions of barks 
generally contain gallic acid, mucilage, and colouring 
matters. And the différent proportions of thèse sub- { 
stances maj be known 6om a chemioal analjsis. The 
qoantify of tannin in an y infusion may be discovered 
by means of solution of glue, with the gélatine of which 
it forms an insoluble precipitate : and after the sépara* 
tion of the tannin^ the présence of the gallic acid is 
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denoted, bj its striking agency upon solution of red 
flulphate of iron. 

(4) Many substances have been used in tanning, 
which contain a much larger propurliou of tanning ]u ni- 
cipie thaii any of the commoii barks. Ainonggt tiiem 
are sumacb» Aleppo gall% and commoo galls. 

6* QfÛu Theory of Tanning, 

(1) The depilation of tkins by lime water, appears to 

be simply owing to thc action of the lime upon the 
albumen of the epidcrmis, by which, its texture is de- 
stroyed in such a mauner, that the hairs can casily be 
aeparated îsom the mucous membrane and the skin. 

(2) The chief use of the preparatoiy weak aUcaline 
lizivîum is pxobably to fipee the skin firom ùA^ oil^ and 
other matters insoluble in water, and incapable of eom- 
bining with tannin ; and thèse purposes are effected by 
means of its frce alkali, wluch forms with such matters 
in gênerai bul uble suaps. 

(3) The prcpared skin is tanned in the infusions of 
.bark» probably^ in conséquence of the combination of 
its gélatine ipd albumen in their oiganized form with 
the tannbg prîndple» in such a manner^ and so slowly» 
that the primitiTe shape and fibrous texture of the skin 
are preservcd, at the samc time that it becomes insoluble 
in water, and gains a ditierent appearancc and lu w 
strength. Whether the gallic acid» and colouring matter 
of bark, are of any use in tanning, has not been jet 
ascertained* The gallic acid, by its action upon water, 
increases the solubility of tannin; but it is not appa- 
rentlj altered during the conyersion of skin into leather. 
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6. Of Imprûvementê tohieh may probabiy be mode in the 

laveuses af Tatminff. 

(1) The iizivia of bark employed in thifi couutrj are 
in geneFal eztremely weak, and in conséquence the 
opération of tanning is peifinmed only in a great length 
of time. Much expense and labour maj probably be 
saved by the use of stronger lîxîvia, according to the 
mclhod adopted in France by M. Seguin. Hiese lixivia, 
however, as in the common practicc, should contain 
différent quantities of tauuin; and that in which the 
skin îs last immersed, for the completion of the process, 
ahould be uniformly the strongest 

(2) The tanning principle may be easily obtained in 
a Bolid fomiy and neaily in a pure state, by evaporation 
of the strongest infusions of barks : and in such a fonn 
it might be easily made an article of commerce, so as to 
be imported into Europe from those newly discovered 
countries in which forests abound, and in which they 
impede so materially the progress of cultivation. 

(3) From some expérimenta lately made^ it is pro- 
bable that certain vegetables which do not or^înally 
gîve out tannin to water, may be made to evolve, or 
piculiu-e that principle in its soluble statc, bj particular 
cliernîcal opérations. Tliis disrovery, if it be confirmed 
by new iacts, will admit of very important and extensive 
applications. 



Digiiizca by Liu^.' . 



09 BUUCBIKG. 



i21 



DIVISION m. 
OF BLEACmNO. 

1. Of ihê Bîeachmg of Wooly and miu 

(1) Wool îs gencrallj bleached bj the action of weak 
ammoniacal solutions^ and of salphureous acid. It îs 
firat immened in the ammoniacal solution» which com- 
bines with the oil, or grease difiiised over its sorfiice. 

It is then wasliccl, and cxposcd to the agency of sul- 
phureous acid, which is sometinics employed in the 
liquid, but oftener in the aëriforui state, By means of 
thiâ substance the colouring matters combined with it 
are speedilj destrojed» or rendered easiiy soluble in 
water. 

(2) Silky in its native state, îs rendered white by im- 
mersion in a weak solution of soda^ and a subséquent 
exposure to the action of sulphureous acid dissolved in 
watcr. The liieory of ihe proccss is vcry little known, 
but it appears to be the same as that of the process for 
bleaching wooL 

2. Oj the Bkacldn^ oj Limn and Cottoru 

(1) Lînen aud cotton wcre formcrly blcachcd by a 
lonnr exposure to the action of light and air ; but the 
modem discoveries in chcmistry bave given risc to new 
methods, which are now almost universally adopted. 

(2) Oxygenated muriatic acid destroys the greater 
number of vegetable colouis. It was first applied to the 
process of bleaching, by M. BerthoUet» and is now in 
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common use. Xt is prcpaied ia manufactories by the 
action of sulphurîc acid upon a mixture of muriate of 
sodia and black oxjde of manganèse ; and it is made to 
act upon the substances to be Ueached^ in llie fonn of a 
weak aqueous soIntioD. 

(3) The oxjgenated muriates of potasli, lirae, &c, 
are indeed often preferred to the pure oxygenatcd 
muriatic acid; which sometimes alters the texture of 
the eloth and diminishes its strength. Thej are pre- 
paied by paaaing oxjrgenated muriatic acid into solntîoa 
of caustic potash, or of lime, and thej are employed in 
a very diluted state. 

(4) The solution of hydrogenated sulphuret of lime 
lias been applied with considérable advautage, to certain 
of the processes of bleaching, by Mr. Higgins ; and it 
may be used in common with alkaline solutions for pre^ 
paiing linen for the action of ozygenated substances* 

(5) A method of bleaching» bj means of steam^ bas 
been lately proposed by M. ChaptaL It connsts in the 
application of the vapour disengaged irom a heated 
fixcd alkaline lixivium to the substances to be acted 
upon ; and it is said to be in many respects superior to 
the common process. 

3. Of the Theory of Bleachingy hf Oxygenaied Muriatic 

Acid. 

(1) The oolonring matters destroyed in bleaching 

appear tu l:>e chiefly oxydes, with bases compuuiided of 
carbon and hydrogen, insoluble in water ; and it is 
probable that they are converted bj the action ol the 
oxygenated muriatic acid into carbonic acid and water. 

(2) But the theory of the différent processes of bleadh» 
ing Is as yet very imperfectly known. And the small- 
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am of tbe qoaattlj of colonring nwtten» and tli«îr su»- 
oepdbifities of change render it rerj difficolt to œake 

them the subjects of accurate expérimenta. 



DiYXSioK nr. 

1* OfUte Nature of Dyeing, 

J\vcing is the art of impregnatîng cioths, stuffs, and 
other substances manufacturcd from vegetable^ and 
animal productii vith différent pennanent oolonring 
mattets. 

The procestea lelating to this art aMpiirelj cbemical^ 

and they dépend, in a great measure, upon the cxertion 
of partîcular affinîtîes hy the substances to be djed, and 
tîie diôerent colouring matters. 

2. Of tJie Substances usually Dyed, 

(1) The substances usually dyed are articles of cloth- 
ing^ coinposed eitber of wool, sîlk, cotton or linen. 

(2) Wool and silk have a miich stronger affinitj for 
the colouring ma t iers employed in dycing, than cotton, 
or linen ; their composition is less simple, and in conse* 
quence the attractions exerted by their éléments upon 
the principles of other bodies are stronger and more 
nnmenms. See Part L DIt. YL 

(3) In cases, when colouring matters cannot be im<- 
mediately united with the substance to be dyed, the 
oombination m eticctcd by the opération of u tiiird body. 
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jn conséquence of intennediate affini^. Pari L Div. 
YL Sect 1. 

The agents emplojed for fizing colours in clotli8> 
t^ffs, &c* are uauallj called mordants or bases. 

3. Qf Mordants or Bases, 

(1) The most important mordants in common use are 
alumine, oxyde of tin, and oxyde of iron. 

(2) Alumine has a veiy strong attraction for wool 
and silk, but a much weaker attracdon for linen and 

cotton ; it is cmployed in two states, eithcr combined 
with sulphuric acid, or with acctous acid, wliich for thîs 
purpose, and for analogous ])ur|)oses, is obtained in 
an easy manner ùom the décomposition of acetite of 
lead. 

(3) The oxyde of tin at its maximum of oxydation, is 
applied to cloths, &c. in three forms of combination. 
1. As nitromuriate of tin. 2. As acetite of tin; and 

3. As taiinte of tin. Tlicse compomids aro very 
powerful mordants, and act both on animal and veget* 
able substances. 

(4) Two préparations of iron are employed as mor- 
dants, the red acetite and the red suiphate. 

(5) Substances are occasionally used to &dlitate tiie 
action of the common mordants, or to alter the shade of 
colour, sLicli are Lan, wliich itselfis a species of mordant, 
tai'tar, acetite and siilphate of copper. 

(6) Mordants in gênerai do not act simply by render- 
ing the dye permanent, but hâve always an inûuence 
on the colour produced. And in &ct the colour may 
be considered as a simple property of the triple 
compound^ containing the dye, the doth and tiie 
mordant 
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A. Ofthe SimpUtl Dye$, or S^ple Cohurt. 

(1) The colours dcnominated simple hy djers are 
four, blue, red, yellow, and biack. 

(2) Indigo is the only colouring matter used for dye - 
ÎDg blue. It ia procured from différent plants, such as 
the indigoferia tinctorîa» and the isatis tinctoria. It 
combines with ail the sabstances nsaally d jed, without 
the inteirention of a mordant; and it is generally 
applied to them either dissoived in ils common state 
in sulplmric acid ; or coniljiiied in its deoxygenated 
State ^\ ith lime water. In cases when cloths, Szc, are 
djed vvitli deozjgcnated indigo, they are at tirst green, 
but soon become blue by exposuie to the atmosphère. 

(3) The sabstances naually employed for dyeing red, 
are cochinea], archil, madder, bra^ vood, and cav- 
Aamn». And thèse colouring matters for the most part 
can oui y ha pcrmanently combined with cloths, &c 
throu,i;]i the întorvention of mordants. The colouring 
matters of cociiineal, archil, madder, and brazil wood, 
are soluble in water ; and in processes of dyeing they 
are usaally predpitated from their solutions upon <dothfl^ 
by means of nitromuiiate of tin, or snlphate of alumine* 
The red colouring matter of carthamus îs not combîn» 
able with water, but it is spccdily dissoived in solution 
of carl joiiate of potash ; and m this form it is generally 
applied to the substance to be dyed. The tint it com- 
municates is considcrably heightened by acids. 

(3) The yeUow ifyes ia common use are procuied £rom 
weld, fiistic, and quercitron bark, by the infiision ot 
thèse substances in wann water, and they are generally 
combined with cloths, &c. by means of alumine. The 
red oxyde of iron lias been lately proposed as a yeilow 
dye by M. ChaptaL 
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(4) The' taimoganate of non is almost tJie onlj 
known black âje. It is combined witli clolihs, kc at 

the moment oï lis formation, during: the décomposition 
of the rcd sulphatc of iron bv décoction of gallauts. 
lis colour iê coasidexabij àeightened hj tbe ijiâisioa of 
logwood 

Of Campûuad Odours» 

(1) The dyw luaallj denoadnated compoond ooloiii% 
m formed by Ae mixture of BÎmple ooIootb. They m 

extremely numéro us ; and evcn when of the same ciass, 
differ in tinge according to the différences in their 
composition. 

Tbe inost important of the compoimd eolours, are 
nlxtnret of bioeandiedy of yeUowandnBd^aiidof biue 
•nd yeUow. 

(2) Clotbs» by being djed anooefaÎTely witb indigo^ 
and cochineal or logwood, become violet, purple, or 
lilac, according to the intensity of the dllierent dyes 
empiojed. When the blue dye prevails, violet is piD- 
dnced ; and irhen the ned, pui^ile. 

(3) Varions tinta of orange are prodneed by means of 

successive combinations of dotbs^ with the 
colouring mattem of wdd or fiistic» and thoee of maddar 
or cochineaL 

(4) Cloths are dyed of différent shades of green, by 
means of indigo and quercitiou bark. The colours are 
aiways applied to the doth in succession; and oxyde oî 
tin is generaily naed as a mordant 

6. Of Caîico Hiiiting* 

(1) Calico printing is the art of dyeing cloths with 
différent colouring matters^ in such a mamier as to pro« 
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ifeee upcm diem xvgiiUur or figniM. For tUf pou» 
pose thé monlaalB necewarj for the prodactîoQ of the 

différent colours are applied to the surflicc of the clothi, 
either hj means of pencils, or of wootlcn engravings 
în relief; and, after dyeing, the colouring matter is 
casily washed out Irom thAt p«rt of tbo dotk mi «otttd 
«pon by the mordants. 

{2) The principal moidanli emplojed in caUoo pnn^ 
ing aie aoetite of aliuniney and rad acetite of 
Thèse Bubstanees are combined for application with a 
solution of gum or mucikige ; and the clotli, afler 
having received them^ m washed with an infusion of 
cow-dung. 

(3) The same colouring matter in caHco printing is 
often made to prodnoe seyeral difierent coloun» or 
ahadea of colour, aocording as the mordants applied 
difhrin their nature or quantitj. Thm^ madder, with 
acetite of alumine, produces red, aiul witli acetite of 
iron, brown; and (£i ai citron bark, wiih the same mor»- 
dantSi in the same order, gives yellow^ and olive. 

7. General Observations. 

(1) The pennanency of cdoiUB dépends in a great 
masure npon the strength of Ûï» affinity between the 

clothà, &c. and the colouring matters, whether tlicy are 
in States of simple combination, or of combination by 
means of mordants. 

(2) Colouring matters in gênerai aie compounded of 
maoy différent prinoiplefl^ and they are for the most 
part decomposable by certain of the most powerfol 
diemical reagents. Li dieir combinations with doth% 
however, they arc seldom cxposed to any other agen« 
cies than those of light» of air^ and of alkaiine sub- 
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Stances ; and those dyes are considered as durable which 
vithstand the eflfects of washing, and of expoeure to the 
atmosphère. 

(3) The hluea and bUurks generallj used are veiy 
durable dyes ; but yéllowB, reds, and ail the brighter 

colours prucured from vegetablcs, for the most part fade 
more speedily; tlioup^h it is saitl, tliat the oxyde of 
tungsten has beca lately employed with great advantage 
for xendenng them ûxed and permanent. 



DIVISION V. 
OF MBTAI.LtmOY. 

I. Of Ihe Modes ofprocuring Metakfrom Iftrà* Oru. 

(1) Metals are often fonnd mineralised, either by 
8iilphiu> or oxygen, and in the last they are often 
oombined with liie phosphoric, aiseniacv or carbonic 

acids. 

(2) Sulpbur îs usually separaicd from metals by the 
apphcation of beat, in a proccss calied roasting; and 
they arc deprived of oxjgen by ignition mthcharcoaL 

(3) In cases when metallic sabstanœs are enveloped 
in, or mingled with» earthy sabatances, from which Ih^ 
cannot be obtained in a free state by mechanical agents; 
they are separated during fusion by means of certain 
cainpoimd saltSy in conséquence of their great speciiic 
gravity. 

(4) Acids» and other chexnicai reagents» are otlen 
used în opérations upon ihe more precîous metals» 
which in thèse cases are fiist ezhibited in the states of 
oxydes, and are aflierwards rendered metallic by the 
agcncy of beat and of inflammable sdbstances. 
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2» Of tlie Farniation of Allons, and otJier Mctaiiic 

Comjjounds. 

(1) AIlojs are formed by bringiog différent metab 
together in a Btate of fusion, and thej are much uaed for 
common puiposes of life. 

(2) In général the aUoys of gold, silver, and coppcr, 
are employcd as the mediuiii ol cAchange; and the 
standartl «j;c)ltl uï Wi hmn Is composed of 11 parts gold 
and 1 of copper; and tiie standard silver of parts 
silver and 1 of copper. 

(3) The alloys of tin» and of copper are osed for 
fonnîng drinking yessels» lamps» mathematical înstni- 
ments, bells, and différent utensils employed for pnr- 
poscs in Mhicli fusil)iHty, ductility, weight, durabiiity, 
and impermcability to water are required. 

(4) But one of the most important of the metallic 
compounds is steel, which is employed for making ail 
socb instruments as demand gréât hardness, strength, 
and elasticity. The best steel contains about 
Carbon, Its properties are wonderfully influenced by 
différent applications of beat 

(5) Tlie alloyîi, jus well as the pure metals^ are made 
of regular forms, by beina: cast in moulds made of sub- 
stances infusible, and unalteiable i)y beat ; and tbey are 
polisbed and ornamented by différent mechanicai com* 
paresdons or abrasions of their useless parts. 

3. Of Solderin£f, 

(1) Soldering is tlie art of fastening together difi^nt 
metals, by the ap[>licaUuii of somc metaliic cumpound 
in fusion, to the parts to be nnited, 

(2) Différent idloys are geaeraiiy employed as solden; 
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and thej should bc alwajs more fusible than the metals 
to wkich thcy are opjdied» aod poaseaaed of a strong 
affinity for them. 

(3) Soldera for leady ave cottpoaedcf two parts oflead 
to one of tkk Pkces of eopper are tmited by means of 
an alloy of copper and tin. Two parts of silver and one 
<^brass compose silver solder. 

(4) vSoldering is performed bv means of the blow- 
pipe» heated irons^ àc, ; and to prevent the metals &om 
bekig oxydated, or to firee them from impurities, leeiii» 
borai» and other substances are emtplojed. 

4. OfPhiinff^ Gilding, Sfe. 

(1) The surfilée of one métal maj be covered by a 
thin stratum of another métal, in many différent wajs. 

(2) Iron 18 plated with sîlver by means of hard solder; 

and silver is ottcii made to cuver the suriacc of copper 
and soiiio other metals, by means of simple cémentation; 
or by being rubbed or bumishcd upon them, when in a 
State of minute division. 

(3) Gold is made to adhère to other metals generally 
either by being amalgamated mth mercury, or by being 
applied in a state of minute division. In the case of 
amalgamation the mercury is driven oflP by heat from 
the mctalllc surface, and the gold only remains. Finely 
divided gold becomes easily attached to a metallic sur- 
feceby pressure, or byftictiaD. . 

(4) Iron and copper are readîly coyered ydth a coat* 
ing of tin, by being immersed into lhat métal when in 
astale of fosifHi» 

5. Of the Afudjfsii of MetaJUe Con^paundsn 
(t) Hetallîc compounds are se numeroa% that it is 
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impossible to r]cscril)e with accnracT, anj geiterai moiltf 
of discDvering theix constituent parts» 

For the ptupose of analjBÛy » number of teagmiê 
moM be employed; and the gfealer part ef the rnÊbÊOr 
nenlsof modem cfaemistry brooj^f info aetioa. 

(2) Diflbretit acîdâ, and pifftienlarlj Û>e nitroofl^ m 
made use of for oxvdating or dis^ulvinfï raetallic com- 
pounds. The prussiate of potash ia a good test for the 
présence of red oxjde of lion» and otber metallic ozjdea 
in solutions. 

(3) Siker and kad are pmipitated hy meaa» of 
■wriatic acid; gold and pbdmi an known by flw 
&eiK^ wHli whieh théy are reiri^ed. The quantity of 
tin, zinc, or iron, in tmj s^loys^ may be dfecovercd fhMft 
the quantity of h vdrogen produced dmii^ their action 
upon snl]>lînnc acid. 

(4) But Ihe habits of per^rming the processes relat- 
îng ta this part of metallurgy can only be attaincd bf 
long experienee, «od by stadyîog the worka of the beat 
mitera en the subject Kkwaa* Elu^thy Y euqoelia^ 
Qatchetti &c. 

DIVISION 

OF TBB KANOTACTORT OF GLASB AND FOHCELADT^ STa 

L OfGloBsMaMng. 

(1) Glass 18 finrmed by the âiâon of potash, or soda, 

with saiid cliiefly containing silicious carth. It is made 
of différent degrees of density ))y nieans of oxyde of 
lead ; and it is rendered transparent and colourless by 
certain substances containing oxygen. 
(2> The beat kind of itint ghuw ia oomposed of abotU 
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120 parts of white silidous sand, 40 parts of pearl ash, 

35 of red lead> 13 of nitre, and *25 of bladc oxjde of 
manganèse. 

(3) Glass is colourcd bliic hj the oxyde of cobalt ; 
red by thc oxyde of gold; green by the oxyde of 
copper» and yellow by the oxydes of andmony and 

2é O/the Mmufactory of P&rcelain, £arthemcaref jpCi 

(1) Thc component parts in général of porcelain and 
earthcnware are silex^ alumine, lime, and, in certain 
cases^ melallic oxydes. The quantity of silex is com- 
monly about two-thirds ; that of alumine^ firom a fifth 
to one-thiid» and that of lime, firom one-fifth to on»- 
twentieth, 

(2) Alumine and silex form, with water, a pastc of 

soflness and cluctility capable of bcing casily kncadcd ; 
and bv means of lime, thcv arc rcudc red more snscc n- 
tible of combimug by iucipieut iùsioii^ so as to Ibrxa 
hard and permanent masses. 

(3) Porcelain and earthenvare are glazed hy meana 
of différent mixtures of earths with alkaline substanceSy 
oxyde of lead» &c. and they are coloured nearly in 
the same manner, and by the same substances as 
glass. 



DIVISION VU. 
OF TUE FB^ARATION QF TOOD, DBINS» ETa 

1. Of tJie Freparation of MooiL 
' (l) The foodtakenînto the stomachshouldbe capable 
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of being easily digested and converted into chyle. The 
gélatine, fat, and fibrine, in animal compounds, are the 

most nutritive substances we are acquaintcd with ; and 
after them follow thc sugar uud mucilage in vcgctable 

productions, 

(2) In the préparation oi' food by beat, grcat care 
should be taken to preveot any part of it ficom being 
decompoeed. Stewing, by means of water, appears to 
be one of the moet economica! modes of preparing both 
animal and vcgetable food ; but in baking and roasting 
a portion of nutritive matter is always destroycd. As 
gélatine, mucilage, and sugar, are ail soluble in bot 
water, tbey may be formed into soups, which are at 
once nutritive, and pleasant to the taate. 

2, Of tlie making of J^Vine, Béer, Alcohol, ^c. 

(1) Wincs arc procurcd by the ferincutatiou of the 
juice of grapcs ; and in this j)roccss the saccharine 
matter of the fruit is slowly converted into alcohol, at 
the same time that much carbonic acid is cvolved. 

(2) Ardent spirits are obtained by diatillationj from 
substances containing saccharine matter, which bas 
fermented so as to form alcohol; and tbey dîffer in 
quality chiefly in conséquence of the différent nature of 
the aruiiui and cxtractive matter combincd witli them. 

(3) Becr, porter, and aie are made lirom thc fermcnted 
juice of barley and the infusion of hops; and they 
appear to consist chiefly of différent proportions of 
water, mucilage, alcohol, sugar, and bitter principle. 
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DIVISION vni. 

OF TH£ MANAGEMENT OF UEAT AND ÏAQUT, A&TIFICIALLT 

PBODUCJSD. 

1. Of Comhusiwn» 

(1) In ail processes of combustion» the fuel most be 
situated in sucli a manner» as to be conatantly exposed 

to firesh atmospheric air. 

(2) Tlie phiciioiueua generally connected with com- 
bustion, arc radiant heat, common coriiiruinicated beat, 
and light; and thèse eÔects occur in verj dilferent 
degrccs în différent instances. * 

(3) Coaly coke, charcoal, and wood» are the substances 
generally employed in purposes where heat only is 
reqnired. But tàllow, spermaceti oil, wax, and other 
substances which burn with âames, are used for pro- 
ducing light. 

2. Of open ^'ire-places, 

(1) The grates of such fire-places as are chiefly 
designcd for heating the air of apartments should 
project as umch as possible, and their backs and sides 
ought to be formed by substances Avhich are bad con- 
ductors of heat. Chimneys likewise shouid be com* 
posed of sunilar substances» and their lower orifices 
ought to be no larger than may be absolutely necessary 
for a ùee circulation of air. 

(2) For increasing the radiation of heat during the 
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combufitioQ of fuel, coals may be mingled with certain 
incombustible substances, so as to fonn firebails. 

(3) The great principle in the management of 
common fires is to sofier as little as possible of the 
Tolatîle parts of the fuel to pass oW unconsumed by the 
chimncv ; and to communicate as mucli be at iis possible 
in an etiiiable maniier to the air in every part of the 
room to be heatecL 

3. Of jFurnaces, and différent cîosed ^ire-places for 

CuUimrt^ l^rpoëes. 

(1) Fumaces, and other similar fire-places, should be 
constmcted in snch a manner as to enable as great a 
quantity as possitilc of the licat ]>roduced by the com- 
bustion of fuel to be appUed immediately to the vessels 
to be heatcd. For this pmpoee they should be com- 
posed of noncondttcting substances» and their foim 
ODght to be Buch as to cause the heated air, or flame» 
produced in them, to stiike immediately against the 
bottouis oi ihe vessels to bc heatcd. 

(2) For culiuary purposcs thèse vcsscls oniirht to be 
composed ot metallic substances, which are good con- 
ductors of beat ; and their lower surfaces should be as 
]arge as possible, and of such a form as to enable the 
flame and heated air which strikes against them, to 
bieak, and to play oyer them with force in di£ferent 
corrents and directions. 

(3) Stcani may lie employed with great advantage for 
hcating fluids, and ff)r kecping them warm. It oan 
easily be carried iirom place to place by means of tubes> 
and the apparatus required for applyîng it is light and 
simple. 
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4. Of Candies, Lumps, 8fc» 

(1) The wicks of candlàs and lamps seem to acl^ 
simplj by convcjîag the inflammable matter in a fluid 
fonn regôlarly and slowly to the place of combustion» in 

conséquence of capillary attraction. 

(2) In ail lamps and candies the place of most intense 
combustion is a iittle above the point at which tiie oii is 
volatilized» and where the supply of air is greatest; and 
in ail cases, the wick ought to extend but vety little 
bejond that point 

(3) Duiing the combustion of candies, in conséquence 
of the want of a supply of air to the middle of the flame, 
a small portion of inflammable matter is generally 
deconiposed without beinf? consunied, whence tlic pro- 
duction of smoke ; but in the Argand lamp, iu which 
the wick is ezposed both extemall y and intenudly to 
air» this phœnomenon does not take place. 

(4) The photometer described in Paît IL Dîv. IL is 
of great use in ail experiments upon artiflcial light ; and 
by luL ans of it, the intensity of the light produced during 
the combustion of différent bodies may bc ascertained, 
so as to be compared with thcir relative consomptions^ 
in the process. 
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Ante onmia ei^o^ duo magoa in Mundo, Laboratoria esse scias, onum Maturœ, 
dteram Artis.— Bioomut. Phtftte. Bitbter, page 1. 

But aboTe ail thlngs It la to be undentood, that there are in th« world two yreat 
UNnttoiies^ «lie of NatOM^ aod tli« otiier of Art. 



I 

I 

^ Digitized by Google 



ADYBBTISEMEXT. 



The Lectures on Chemical PLllu i j hy, for 1804, will be divîded înto 
two (lisiinct parts: Chemistn^iu ils Cunneetion wîth Nataml Opérations ; 
Chemiâtry in its Connection ^vith Artiâcial Opérations. The ÛiBt part 
wilI be delivercd in the moming^ tlie i^econd in the evenlng. 

The foUowiog pages eontaiii tbe oatlinet of both nnkft. The viewê 
teken In fhem aie neeesnrilj Toy limited. Hy dealgn has heen to glve 
a geBeral Idea ef fhe plan and order of tibe conne, and not a mUtate 
detafl of an tiie ditent ol^ecls to whieh H wiUielate. 

Albexarle Street, 
Jan. mh, 1804. 
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PART L 



CHBMIST&Y, IN IT3 CONNECTION WITH HÎATURAL 

OPJSBATIONS. 



CflEMiflTRY, in its connectioii with the opérations of 
natoxe, is higbly worthj of an accuràte examînation. 
It iinlblds the causes of many important phœnomena ; 

it enables us to reason conceming those properties of 
bodies which niost imincdiately concera us, and to pre- 
dict their altérations ; and it devclopcs to us sublime 
views of the order aud harmony belonging to the dif- 
feient parts of our System* This bninch of science has 
been dovly fonned» in conséquence of minute obeei^ 
nations made upon natural events^ and of expérimenta 
in which natural agents hâve been placed in new rela- 
tions : and thougli much remains lu be discovered in it, 
yet the faots already ascertainod are sufficient to prove, 
tkat ail the différent known substances belonging to 
oor globe are sabjected to the chemical laws ; and that 
the most extensÎTe and important chemicai changea aie 
contînaallj taking place in the solidmatter of the globe^ 
the océan, and the atmosphère. 



1. Introduction* 
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2. €fihe Nahtre ofthe SoHd ParU ofOe Globe. 

The solid matter of the globe, as iar as it has beea 
investigated, consîsts chicây of rocks or earthy sub- 
stances» forming hills and mountains, or airanged in 
strata» Rock^ or strata» are divided into five classes; 
primitive» tranâtional, secondaxy, alluvial, and yolcanic 

Primitive rocks, or strata, are tliose wiiich cxhibit 
no vestiges of orgauic rcmains : they are foimd at the 
greatest depths below the surikce, and they constitute 
the bases of the highest monntains. ' They are com- 
posed of masses» ivhich are either aggregates» or simple 
Btones: granité» and the granitic rocks» the porph jrîes 
and sienites» are of the first kind; and silicious schist, 
argillaccous schiste serpentine, hornstonc, graiiLilar lime- 
stoDC, and shoerl, are of the second kind. 

The transitional rocks generally unité the primitive 
and secondaiy rocks» and they afFord a £ew vestiges of 
the remains of marine animais. The aggregates com- 
pOBÎng them are toadstone» and différent traps; and the 
simple rocks are chiefly schist, and limestone. 

The secondarv rocks are such as abonnd in many 
parts with the vestiges of shells, and marine pro(hictions; 
they are usually stratiûed. The aggr^ates belouging 
to them are grunstein, schistose porphyry» toadstonea^ 
and sandstones; and the simple rocks are limestôn^ 
chalk» gypsum» ironstone» wai^é» and secondaty schist; 
and thèse substances often altemate with niases of coaL 

The alluvial strata are such as bave been deposited 
in late timcs from the agency of watcr ; they often con- 
tain the boncs of land animais ; and they arc seldom in 
a State of firm aggregation, being composed» for the 
most part» of calcareoas and silicions sands» days» and 
tnâs. 
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The Wcamc prodactiona axe the différent lavasy and 
atones altered by fife. 

The parts of àie primidye, tmnaitional, and eeoondary 

rocks, are oftcu found in rcgular Ibrms, as crysUils. 
Tliese rocks, in ninny instances, abountl with mctalli- 
ferous veins, which intcrsectthem in diticrenl directions. 

The moBt abundant of the simple principles oontaincd 
in rocks and strata» are the primidYe earths. The 
metals m them aie found eitfaer native, or in oombin»- 
tion chieflj with sulphur, or oxygen. 

Soils usually partake of the nature of the aggregates 
or simple stones on which they rest ; but their parts 
are in a state of minute division, and are generally 
mized with animal or vegetable decompoaing matters* 

3. Ofthe Nature of^ Sea, and of Water. 

The immense mass of waters composing the océan, 
difPers but little in varions parts, as to the saline com- 
pounds it liolds in solntîorî : ])ut f^enerally the larj^est 
quantities are ibund near tiie tropics, and the snialiest 
qoantities near the equator. The waters of lakes, 
livers, and sprîngs, usually contain comparadvely small 
portions of saline matteis» which are very di£ferent in 
their nature in différent cases. The purest water is that 
precipitated from tlic atmosphère in rain or dcw, but 
even in this state it is saturated with air. Watcr whcn 
it becomes soUd or ice, gives ont the air with which it 
was combined, and its spécifie gravity is diminished. 

The elementaiy principles of which water is believed 
to be composed are ozygen and hydrogen. The 
bases of the salts that it usually holds in solution are the 
alkalies, or the alkaline earths, which are combincd with 
the sulphuric, muriatic, or caibonic acid. 

V 6 
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4. ^ Nature of the Atmotphere, 

The atmo^here is the grcat body of elasti'c fluid^ 
which eveiywhere suirounds our globe. Its denaly 
diminiahes in proportion as its height increases. It 
18 the réceptacle of a great number of aërifonn fluîda, 

that are produce d, or dcvelopcd, on the surface of the 
earth; but the principal constituent parts of it are 
nitrogen, and oxygen, in proportion as four to one, 
and which are mixed with carbonlc acid, and hold in 
solution water. The chemical composition of the atmo- 
sphère, as to its pennanent éléments, is nearlj the same 
in aU its différent parts; the vapours that fioat in it^ its 
température, and its relations to moisture, in différent 
places, are pnjbuljlv tlic great causes that modify its 
effectâ upon living beings. 

5. Qf the EUmentary Prîndples, and tlie active Fowers 

of Matter, 

Many principles are common to the three great divî- 
mons of the globe; and the pondérable matteîr of aU the 

différent known compounds, as far as it bas been inves- 
tisrated, appcars to be formcd by the combination of a 
lëw cléments. Thèse éléments are, six simple earths, 
dz alkaline substances, twenty-two metals, three acids, 
three infljmmable solids, and three simple gases. In 
their natural arrangements thej are acted on bj attrac- 
tion: and to the agendes of thîs power, as chemical 
affniity ; and to the effects of beat, light, and elctricity, 
produced by impondérable substances, as yet but little 
imderstoo<l, almost ail tlic corpuncular changes of dead 
matter, either immediately or remotely belong. 
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6. Chemical Changes m tiœ &olid Farts of the Globe, 

Tfae changes taldng place in the Bolid parts of the 
earth, except in a few cases, are slow and progressive ; 
and thej gencrally arisc either firom the aclicni of in- 
flammable hodii's, froin that of air, or of watcr. The 
phaenomena of voicanos have thcir cri gin, probably^ in 
the mutual agencies of inflammable bodies and metals, 
in the bosom of the earth; but their intense heat dépends 
upon the exposuie of the acting matters to the atmo* 
sphère, upon actnal combustion. Great altérations are 
piuduccd iii the mo^t solid rocks, l)y the agency of 
water: this fluid is absoibeii bv carthy bodies; and 
when convcrted into ice on their surfaces, it tends, by 
itB expansive propertîes, to sepaiate their parts fix>m 
each other: some of the earths are soluble in it» par- 
ticularly lime^ and its compounds; and when thèse 
substances fbrm parts of rocks, they are gradually altered, 
and depositcd in ncw forms. The oxygen of tlie atmo- 
sphère is constantly attracted by the greater uumber of 
the inetallic combinations ; and, in conséquence of its 
agencies^ rocks which contain them, oi^n undeigo 
changes in their states of aggregation, become softened, 
and are rendered sùhservient to végétation* 

7. Chemieal Changes in the Sea, and m Water. 

The water of the sea is constantly agitated by the 
tides and winds, and, in conséquence» ail its différent 
parts are mixed together» and presenred in a state of 
saturation with air* 

The dead animal and vegetable substances which il 
conUùns, whether originally belonging to it, or carricd 
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into it hj riyers firom the land, are preyented ûom 
undeigoing the rapid putiefactive process, by the agency 
of the saline matter wîth which it is combined ; and 
they piobably are rendered subscrvicnt to the nourish- 
ment of marine plants aiid nnimals. Water is decom- 
posed in a uumber of natural proceeses, by tlie agency 
of vegctabies, by combustible bodies» and by electricity; 
and» in many cases» one of its éléments becomes fized» 
-whîlst the other îs dîsengagcd m a fiée state* 

Air is possessed of a stiong attraction for water» and 
the quantité it is capable of dissolving îs greater in pro- 
portion as its température is high. When strata of air» 
nnequally heated» and saturated with water» oome in 
contact with each other, moisture is deposited, whîch» 
according to circumstanccs, appcars eitlier as clouds, 
mists, raiiis, dew, bail, orsnow: and tiiis déposition is 
the source of our springs and riyers. The oxygen of 
the air is essential to combustion» is absorbed in that 
process, and the heat and light produced dépend on the 
drcumstances of its agency. Air enters slowly into 
combination with a number of substances» and eîther 
tends to décompose them, or causes tbem to enter into 
new combinations. Air is absolutely nccessan^ to the 
lîfe of animais: in its free statc it enters mto the limgs; 
and its oxygen, and probably portions of its nitrogen, 
are combined with the principles of the blood. In its 
form of solution in water it is absorbed by fishes; and 
it abounds in the depths of the océan» where the près» 
sure tends to combine it in large quantitîes. Air îs 
constantly active in sup])orting végétation, and in modi-; 
fying the substances contained in soils ; and its diversi- 
ûed agencies promote the fertility of the earth. 
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The mctcors appcaring in thc atniosj>hcrc, wliich 
cannot bc retérred to electricity, have ouly veiy lately 
become sabjects of investigadon* and as y ci arc but 
little undeistood. Tbej seem to be beavy bodieci^ în- 
flamed m llie higber régions of tfae air : Tarious tbeorîw 
have been formed conceming their origin. 

9. Of the Chemical Affeneies çf Heat in producing 

Natural Changes. 

Hie heat beloDgiug to our globe is principally derived 
from the sun, but it îs sometimes eY<dYed in conséquence 
of the chemical agencies of common matter. It varies 
in degree in différent j)arts of the surface of the earth, 
generally accôrding as dieir exposnre to the snn is dif- 
férent, aiul accôrding as they are endowcd with différent 
powcrs of reflccting, absorbing, aud coiiducting it. 
Heat is possessed of the agency of expansion ; and, in 
niimerous cases, în conséquence of its opération, solids 
are converted into fluids, and fluids into aëriform sub- 
stances. By the changes in the spécifie gravity of ahr, 
in conséquence of changes in its température, the winds 
in the atmospLcrc arc principally occasioncd ; and the 
currents in thc océan are intluenccd, and, in some 
caseSj produced by altérations in the degree of its heat. 
This agent is very efficient in occasioning décomposi- 
tions» and new combinations ; and by means of it the 
most important changes are constantly effected in the 
arrangements of the principles of bodies ; and éléments^ 
apparently inert, are called into a state of actlvity. 

10. Of Light, and Chemical Agencies m Nature, 

The rays of the sun« when analysed by the prism, 
appear to be of différent kinds; and besides those that 
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produce light, and those that produce beat, there are 
otliers invisible, Avliich occasion pecnliar chemical 
changes. Thèse îact& render it very dilFicult to ascertaiu 
with pcrfcct aocuiacy* the peculîar and distinct agendes 
of the différent parts of the solar beam^ or of light» as it 
usuallj appeara. In considering generally the effects of 
the luminous and the chemîcally actin^ rays ; it would- 
appcar that thcy tend to décompose bodies in a way 
perfectly di fièrent from heat. In a nnmber of" instances, 
oxygen gas is disengaged in conséquence of their opéra- 
tion; and the uniformity of the constitution of our at- 
mosphère is probably owing to this circumstance. Crys* 
talHzation is afiTected by them ; the colours of bodies 
are modîfied by them: and their chemical influence 
upon oi^anized matter is distinct, and of great im- 
portance. 

11. Ofthe Effects of Eîectricity in Nature, 

The médium which in its active state produces elec^ 
trical effiectSy appeais to be almost universally difiused, 
and it is capable of being put into motion both by 

chemical and luechaaiLal iiicans. W hen bodies change 
their forms of aggrej^ation, clectricity is nsually de- 
veloped» andeither a positive or a négative state induced. 
During eyaporation, and at the time of the précipitation 
of mobture fiom the air, atmospheric electricity is 
uniformly exhîbited; and, in its accomulated states» in 
passing to, or from the earth, it produces the phœnomena 
of lightniiig. The appearance of the anrora borealis is 
probably owing to clectrical changes taking place in the 
air round the pôles. By the cxtensive action of elec* 
tricity vanous changes in the forms of bodies are con- 
standy produced. In its state of galTanism, its activity 
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is peculiarly cxertcd on wator. and on solid bodies; and 
it probably iniiuences tiie phaMiomeoa of carthquakes, 
and other lapld changefl which oocor in the bosom of 
the eartL 

12. Of the BelaUon of Chemical Chauffes ta VegetabU 

lÀfe* 

The altérations taking place in common mattcr are 
in no cages capable ut forming organic bodies» or struo» 
taxes posseflscd of tlie facullj of reproduction; but they 
aie oonnected with the support and nourishment of soch 
bodies; they are essential to their existence. Plants 
dérive their food either from the soil in which they 
g;row, or tlic atmusplicrc bj which thcj arc <arronnded; 
aud i1k' ]>hapriorncna of their végétation and dit Ir growth, 
dépend upon the assimilation of new matter to their 
ofgans, in conséquence of the ezertion of the livîng 
power, and of chemical affînity. The principies of air 
sud water are ahsorbed by planta^ and the oiganizable 
matter oontained in soils, carried, in solution, into the 
vessels of the albumum by their roots. By the agency 
of the mollir light, iaflaiiHuahle matter isproiluced in their 
leaves, and oxyp^en cvolvcd from them. Carbonic acid 
is apparently decomposcd by vegetables : aud this prin- 
ciple, and other principies nozious to animais, precipi^ 
taied from the atmosphère» in combination with water» 
become their essentlal food. Thus dépendent, during 
Ufe, upon chemical changes, vegetables after death, are 
wholly submitted to thcni; and their décomposition, by 
extemal agents, soon rcstorcs to inorganic natnre tiiose 
éléments of which it had been^ibr a short time, deprived; 
gÎTes to them a new arrangement ; and disposes them 
to assome new forma of existence. 
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13. Chemical Chanycs mhservient to the Fanctiom of 

The pxinciples of animal matter are much moie 
ttumerous, and more complicated in their arrangements, 
than those of vegetable matter. In irritable and sensi- 
tive action, thc laws of chemistry are submitted to the 
powers of life, and tlicir distinct and pecnliar opération 
is seldom or never perceived. Solid and iluid nutritive 
substances, whatcver their nature may be, nndetgo 
pecuHar changes in the digestive System, and are con- 
yerted, in conséquence of unknown opérations, into 
fluids in ail cases analogous. By thèse means» and by 
the absorption of air in respiration, the waste of matter 
taking place iii the organic frame is supplied ; and the 
différent cléments arc niade subservient to the j)urposcs 
of aniinated nature, lleat in the animal body is con- 
stantly regulated by the living functions; and thus an 
agent» moet ponvexful in modifying common matter, as 
well as electricit appears in this case, as the passive 
instrument of a superior and more active principle. 

14. The geimal Ecmomy of Nature, and of the QmnecHm 
ofthe différent Causes on vohick it dépends, 

By the laws of gravitation the globe is made to revolve 
round the sun, in such a manner as to expose ail the 
âiffisrent parts of its sur&ce at différent tîmes to Hght 

From the nature of tliese laws, incqualitics of tempera- 
ture are produced, and clianges in the stiitc of the air 
and océan, absolutely esscntial to the existence of living 
beings. The form of the earth, and the irregularities 
belonging to it^ are of infinité importance in the economy 
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of nature. By means of mountains» the course of the 
windfl is xegulated Thej are the sources in which the 
vateis of the atmosphère aie collected; and they supplj 
the decay of soîl taidng place in yalleys and plains. 
Rocks and the earthy strata, which contai ii nietals, and 
otUcr substances cqually nscful to man, arc fitted, by 
their position, to torm a boundary beyond which the 
influence of water and the atmosphère cannotpenctrate; 
and by means of them soch matter as is capable of being 
organized b confined to the sur&ce of the eartlL The 
water derived firom the sea by evaporation is again 
returned into îts bosoin by means of rivers. Amidst 
the varions chemical changes takîng place in the air, it 
is constantly preservcd in a staLe most proper for respi- 
ration. Animais and yegetables are made to support 
each other* And by means of a few simple laws^ dis- 
playing one great and perfect design, all the changes of 
matter are rendered subservient to the well being and 
happinesB of man, and of the whole living création. 

15. Qf Ûœ varions AUeroHonê which the GJobe has under- 
gone; Creohgteal Systems, amd ecnehdinff ObservaHms^ 

In the investigation of the histoiy of nature, the 
understanding is neoessarîly led to reason firom the pré- 
sent order of things, concemîi^ their former arrange* 

ments, and to conjecture with regard to their future 
changes. It rcqnirc > no minute knowledge to détermine, 
that very considérable altérations hâve taken place in 
the surface of the earth within periods ascertaîned by 
history. The forms of mountains have been changed 
by volcanos, and by the agency of water; the beds of 
rivers have been altered ; the solid matter carrîed into 
the sea has modified the appearances of the shorc. In 
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ipeculadng on thèse iacts, in tlieir relation to the ongin 
of the gênerai appearances of our globe, geologiats hâve 
beea led to conclude firom the existence of ci^BtaUiied 
iDMOCP in both the ptimîtire and secondaiy coontxiei^ 
that a coDttderable part of the adid matter, componng 
them, once existed in a state of fluiditj ; and very dif- 
férent théories have been formed conccrning the agent 
whîch occasioned ils solution ; in one hypothesis, water 
being made the primarj cause ; and in another, £re 
acting under the pressure of the oeean. In the présent 
State of our knowledg^ it îs peihaps impossible to foim 
aocurate conclusions on this subject, or on the ultimate 
changes which our System is destined to undergo ; the 
aiialo^es dcduced from our artifîcial opérations are ex- 
treuiely ini})Cïiect ; and as we arc acquaintcd witli only 
a very minute part of the materials of the globe» there 
is great rcason to suppose, that powers have been, and 
may be called into action in modifying it^ of which we 
can form no ideas ; and which it bas pleased the Divine 
Will to conceal from us in wisdom. 
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PART IL 

CHSUISTBT 15 UB CONNECnOX WHH ABTIFICUL 

OPERATIONS. 



L Qf TH£ GeXEBAI. PbOPëBTXES OF MaTTEB»ANI> TH£ 
AOENCIES OF IhFONDSBABLE SUBSTANCES. 

1. IntroducHotL 

A considérable number of natural substauces have 
been submiited to chemical processes : and by means of 
varions instraments aad inventions, thej have been ezhi* 
bited under new cîrcumstances, their fonns have been 
changed, and their hidden qualities discovetcd. Che- 
mistry, as a science oi o})erati()n, is of ^cal importance: 
in its thcorctical relations it lias cuntnbated to extend 
the powers of the mind, by presenting to it a uumbcr 
of new and interesting objecta for contemplation ; and 
in its practical résulta» it bas tended to diminish onr 
wints, and to refine and increase the sources of our 
plea8U]:es, 

AUracHon and Us Amendes, 

Différent specîes of matter tend to unité with dif- 
férent degrees of force. This is the gênerai fact of 
chemical attraction : which according as it is ezerted 
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under différent circumstances» is governed by différent 
iaws. Its influence b gênerai, and modified only by 
the effects of heal^ and tbe other impondérable agents. 

2» 3« Of Heat or Calorie, ita Exckement a$id Agenàes* 

Heat or calorie is the great cxpanding power : ît is 
capable of bciug communicated by bodies to each other; 
and the laws of its communication constitute the Iaws 
of température. It exista likewise in a fi*ee state^ or as 
radiant heat; and» in thîs caae, it is capable of being 
leflected and refracted. The extennve opération of 
heat on bodies is often connected with ehaiiges in the 
foiiii.s of their nirgregation. It is possessed of great 
powcrs in producmg chemical altérations in substances; 
for as it expands thcm differently, so it diminishes in 
différent ratios the affinities of their particles for each 
other. The instruments nsed in expérimenta upon 
heat, are thermometers^ pyrometers, and caLocimeters, 
&c. 

4. Of lÀghty and its Opérations m Ckemistry, 

Light is a chemical agent of considérable importance 
in artificial processes. In conséquence of its properties 
of being refleeted and refracted, ît is capable of being 

accumulatcd, or dispersed. It is applied in experiments, 
eitlier in its cornionnd state, in which it is mixed with 
beat ; or in its dccompoundcd state, in which its dif- 
férent rajs occasion différent changes. 

5. 6. 7. Of Ekctricity, and Galvanism, 
£lectricity in its Tarions states of accumulation, pro- 
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duces différent effecta In gênerai, its présence is 

denoted in substances by theîr powers of attracting, or 

repelling light bodies. It oftcu appears in thc Ibriii of 
fiîT ; and it is possessed of very powerful chemical 
agencies. 

It is excited by various causes, and exhibîtcd by 
means of a number of différent instruments. In the 
galvanic apparatus» it produces an eztensive séries of 
important and beautifiil effects, which have been latcly 
discovered, and are still subjects of investigation. 

General Ohservaiwns m Hte Active ProperHes of Matter^ 
and on the Art of Experimenting, 

Though the immédiate causes of the active proper- 
ties of matter are but little understood^ jet the laws by 
which they are supposed to act are simple expressions 

of iiicts. The knowlcdge of tlicsc laws, and the investi- 
gations coneerninjz; thc m, have led to many important 
discoveries in the ai ts of life : and, guided by them, the 
chemist is capable of imitating the opérations of nature, 
and of producing new opérations : he is enabled to 
analyse, and to compound ; to discover simple prînci- 
ples, and to ascertain their arrangements. 

IL Of Undbcomfoubed Substances, or SmPLB Pbin- 

CIPLEB; THE MeTHOBS of FBODXTCINO THBl^ AHD 

THEIR Applications* 

8. PreliuLUiary liemarks» 

Simple principles are those substances which have 

not as yet been composed or decomposed by artificial 
means. Many of them are found in nature, and many 
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are produciUe firom their compounds bj art The 
simple piinciples at présent generallj acknowledged hy 
chemical philosophera, are 43 ; which when considered 

as to the similarity of their most striking properties^ 
may he divided into six classes. 

0/ the Simple Gases possessed of no Acid Properties; the 

First Class. 

The simple gases possessed of no acid properties, axe 
three in number ; oxygen, hydrogen, and nitrc^en ; 

they arc noncotiductors of elcctricity, and but slightly ^ 
soluble inwatcr; they are ca}>al)lc of being produced ' 
by various opérations. Oxygen is essential to combus- 
tion ; hjdrogen is inflammable ; and nitrogen is one of I 
the éléments of nitric acid, 

9. Ofthe Simple Infiammable SoUds; the Second Close» 

The simple inflammable solids are, phosphorus, 
sulphur, and carbon. Phosphorus is an artificial pro- 
duct ; carbon^ and sulphur are found in nature. They 
ail bum when heated^ at différent températures» in 
contact with oxygen. 

10. Ofthe Metals; the Third Close. 

Thîs class contains twcnty-two undccompounded 
substances; they are, ])latina, gold, silver, mercury, j 
copper, tin, lead, iron, ziuc^ antimonyï bismuth» arsenic, 
cobalt, nickel» manganèse» tangsten» uranium, molyb- 
dena» titanium» telliirinm» chrome» columbium* Metals 
are separated from their compounds bj yarious métal* 
lurgical prooesses: wheû combioed inth sulphur» they 

i 
I 

! 

I 
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aie freed from it bj the agency of heat and of re-agents ; 
and in caaes when oxjgen îa Uie inmeialiaiiig substance» 
it ia detached from the ore by meana of ignited charcoal 

or other inflammable bodics. 

The nictals are possessccl of vcry higli spécifie gravi- 
ties, of opacity, and hrillianrv of appearanee : tliey are 
ail combustible at certain températures, ^^ heu ia contact 
with oxjgen; some of them, as zinc and tin, requiring 
only a Jow red heat^ and otheia» as gold and eibrer, an 
intense white heat 

11. Tke Simple £arth8; the FovHh Chug. 

Thèse substances are distinguished by their insol- 
ubilitj in water, their incombustibilitj, and their want 
of electrical conducting power ; they are^ silex, alumine, 
zircone, glucine, ittria, and, as it is supposed, agustine : 
the processes by whicb they are obtained pure, are, for 
the most part compHcated, and connected with the 
application of a uumber of différent re-agents. 

The fixed AîkaUne Substances; the Fiflh Class. 

Thèse bodies are six; amongst them, potash and 
soda are very soluble in water, and are usually denomi* 
• nated the fixed alkalies* Strontian, barytes, lime, and 
magnesia, are generally called alkaline earths; they are 

less soUiblc in water thau tlie fixed alkalies. AU the 
simple alkaline substances are incombustible, and 
ca^mble of bcing combined with acids, and with 
Bolphur. 

The Uiidecompounàed Acids; the Sùsth Chss, 
Thèse substances are, the muriatic acid, the boracic 



456 CHEHISTBT, IN ITS CONNECTION WITH 

acid. and the âuoric acid. Thcy are combinable with 
water and the alkalies; tbey redden vegetable blues. 
The muiiatic acid, and the fluoric acid» are pennaiient 
gases. The boracic acid» is a crjstaUized solid 

AppUeatians and Um of the Simple Substances. 

Amongst tlie simple substances, the metals are the 
most important in their applications to the common 
purposes of li fc ; their uses are varions and cxtensiye. 
The earths» alumine» and silex» form the bases of varîous 
manufactures» Lime is principally used as a cément» 
Oxygen, the alkalies, and the munatic and boradc 
acids, are amongst the moûL puueilui of chemical re- 
agents. 

m. Of Binaey CoMrouxDs, theib PRori^itiiiia and 

Applications. 

The binary compounds owe their origin to the union 
of two simple principles ; and ihey are usiially com- 
posed and decomposed by tlie siuiplest laws oi attraction. 
They differ conaiderablyin their properties ; but a simple 
classification of them into iive kinds» is obtained» by con- 
sideting the substances of which they are composed. 

12. 13. 14. Binary CombinaUons qf Oxygen* 

The bodies of the first class contain oxygen, as one 
of their éléments ; a principlc, wiiich has the greatest 
tendencj to combination, and which is the most active 
amongst material agents. 

The binary compounds of oxygen» are either decom- 
posable acids» possessed of the sour taste» and the 
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power of leddemng vegetable blues ; or oxydes, wbich 
aie insolable, or sparingly soloble in water, and iKrfaich 

are incapable of alterin<ç ve^i^table colours. 

Oxygcn, by coiiibming witli différent bodies in 
différent proportions, forms compouuds pœsessed of 
very différent properdes. 

Ôf tbe binary compoonds of oxjgen» water contains 
15 parts of hydrogen» and 85 of ozygen* 

Nitric acid, nitroos gas, and nitrons oxyde, bave 
nitrogen for their basis ; and contahi respecdvely 71, 
56, and 37, of oxyp^en, in 100 parts, Tbey are amongst 
the most dec(Mii{)()>ahlo of thc binary coin pounds. 

Tbe pbosphohc aud tbe phosphorous acids consist of 
oxygen and pbospborus ; wbicb, in tbe first, are onited 
in the fffoportion of 1*6 to !• 

The sulpbuiic acid contains about 1*7 parts sul* 
pbuT, and 1 of oxygen. The sulpbureoas acid contains 
a smaller proportion oi oxygen; it ia a permaneutlj 
elastic iiuid. 

Tbree binary compounds are known, containing 
oxygen and carbon ; cbarcoal, gaseous oxyde of carbon» 
and carbonic acid ; the two first are inflammable» 

13. The metallic acids, which are the arsenious, and 
the arsenic acid, tbe molybdic, and the cbromic acicl 
are formed bv tbe union of oxygen, with arsenic, molyb- 
dena, aud chronie. Thèse metals, as weil as all tbe other 
metals, by coinbining with a small proportion of oxygen, 
form oxydes; and some metals, for instance, iron and 
lead, by di£ferent combinations, form différent oxydes. 

14. The oxygenized and hyperoxygenized muiiatic 
acid, are produced by the combination of différent pro- 
portions of oxygen with muriatîe add ; they are decom* 
pouiided by combuiiLiljie bodiea witb the production of 
beat and bgbt. 

YOh, IL Z 
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15. Binary Compounds, containing Hydrogen ; the 

Second Class. 

Hjrdrogen is capable of combining with^ at least, 
three simple sabstances besides oxygcn. By uniting to 
nitrogcn iu the proportion of 20 parts to 80, it forms 
ammouia, or volatile alkali. With sulpliur, it pro- 
duces sulphuretted hydrogen gas, which is possessed of 
acid properties. In pbospl^orctted hjrdrogen, it is 
attached to phospHonis; and tfais componnd inflames 
when suffered to pass into tlie atmosphère. From some 
late expcriments it appears very probable tbat tbeie are- 
no binary compounds of carbou and iiydrogen. 

16. Bmary Compounds^ containing Sulphur; the JTard 

Class, 

Sulphur is possessed of Tarious aflSmties ; its binaiy 
compounds are denomînated solphuiets. 

The metallîc sulphuiets are formed by the union of 
sulphiiT with tbe metals. 

^i'iic alkaliue sulphuieU contain ihe alkaline sub- 
stances as thcir l)ases. 

Tiie compounds ot sulphur and phosphorus are very 
inflammable. The compound of sulphur and muiiatic 
add is possessed of some singular properties. 

The Binary Compounds of the Metals mth Phosphoms^ 
Carbon, and wUh each oiher; the Foiarih Chm» 

Phosphorus is capable of combining with the greater 
number of metallic substances : the phosphorets are 
possessed of the metallic splendour, and a^ veiry çoia- 
bustible. 
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The most important of the metallic compounds con- 
tainiog carbon, is steel» or caiburet of îron, which con- 
tains from lijf to of caibon. In plambago, or the 
hypercatboret of iion» the quantity of the carbon exceeds 
▼ery mucb tbat of the métal. 

The biuai > alloys arc fonncd ])y 1)nnfz;ing two me tais, 
po?8CSsed of aflinity tbr each othcr, totrcthcr; one of 
them at least bcing in a state of fusion or solution. 
Among^t thctn the best known are» brass, bronze, the 
alloys of goidi the fiisible compounds of lead, and the 
amaliEams» 

The Binon/ Compounds of the Earths and AlhaUes wUh 

each other, and the Acids ; t/ie Fifth Class. 

The binary compounds containing earths only, have 
as yet been very little examincd. Ahimine and silex, 
may be made to form a permanent union. The (ixed 
alkaline substances are capable of combining with most 
of the earths. The basis of glass îs equal parts of potash, 
or of soda» and silex. 

The alkaline substances, by unitmg with the unde- 
compounded acids, produœ certain compound salts. 

Of the Application and Uses of the Binary Compounds* 

The applications of the binary compounds are very 
numerons. The nitric and sulphuric acids. are em])lovcd 
in many of the arts, and particularly in the processes of 
metailmgy and dyeing. The metallic oxdyes are the 
most important of our pigments. The ozygenated 
murintic acid is used in bleaching. Steel, and metallic 
flilojs, form some of the most important of the instro* 

z 2 
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mentâ empioyed for the commoa purposes of life» and 
in thc proceflses of experîment. 

The général Beries of changes produoed by the fomur 
tioii and decompoadon of the binavy compounds» parti- 
cularlj in the instances in which oxygen is conoeroed, 
constitute soine of the most instructive of the opérations 
of modem chemistry ; and they are couuected with 
many beautiâil appcarances. 

IV. Of Ternary, Quaternary Compounds, etc. 

THEIB AgENCIES AND UâES. 

CUuêifieatian. 

A fow only of the ternary or quaternary substances 
are capable of being composed by art immediately trom 
their éléments. Many of thcm are products of organîzed 
bodies, and theîr nature is discoyeied chiefly by analysis; 
considering theîr composition^ they will admit of a divi- 
sion into five classes. 

17« Con^Mmnds, eowUdnmg eldefiy Oxygen^ Hydrogen^ 
cr Caràm; the Fini Cktsê. 

Thèse compounds are usually found in the vegetable 
kingdom ; and their composition, and their propertîes, 
are veiy diversified ; many of them haye been called 
▼egetable oxydes. The hydrocarbonates, alcohol^ etlier, 

volatile, and fixed oils, wax, and resin, consist of diflbr^ 
ent pro})ortions of hydrogen and carbon, united to 
small portions of oxygen. Sugar, gutn, tannin, colour- 
iog matter, and the extracts soluble and insoluble in 
water» contaln considérable quantities of oxygen» com- 
bined in différent proportions with carbon and hydro- 
gen» and sometimes with nitrogen. 
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Of the Aciih, cmtaining Oxygen^ Ilydrogeriy and Carbon; 
cr the VegêtahU Aads; the Second Close. 

The vegetable acids are eleven in nmnber. 

The acctic ackl, the tartaric, ihe oxalic, the citric, 
the malic, tlie succinic, the Ix ii/i>ic, the camphorie, the 
suberic, the nui cous, and the galUc acids. The oxalic 
acid is probably that which con tains the largest propoi^ 
tion of ozygen ; and the gallk acid that which contains 
the least They are ail aoluble in water; and decom- 
poaable by beat 

18. Of the Campounde^ eoniÈcdmng Ox^gen^ H^drogen^ 
•Caehm^ and Nkrogen, pœemed of no Aekl I¥opertie8S 

tJie Tkird Clans, 

Thèse x^ompounda are found fi>r the moat part in the 
animal kingdom : the relative proportions of their prin- 
oples are unknovm; one of their most characteiistic 
properties, ia the &cilitj vrith which their composition 

Ls altered. Tlu- mosl important of them are, gélatine, 
albumen, animai mucilage, fibrine, and animal oil : the 
three ûrst only are soluble in water, and precipitablc by 
tannin. 

Of the Acids, containing chiefty Hydrogm^ Carbon, Nitro^ 
gefiy and Oxygea ; the Faurth Class* 

AmongBt thèse substances, some are foond native in 

animal solids and tiuids, othcrs arc pruduccd during 
their chcmical altération. The native animal acids arc, 
the formic, the bombic, the iaccic, the sebacic, and the 
nric acids. The factitious acids are, the lactic and the 
pnissic acid* AU the animal addB are decomposable by 
beat; and the pniaaic add contains onlj a vcry minute 
portion of oxygen. 

X 3 
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Tfrmry, and Qvaiamary Compounds, imêamng Mekib, 

Eafth»i ond AîkaMu. 

The metals are capable of combining with each other 
in temary and quatcmaiy union; but the properties of 
▼eiy few only of the more compoond alloys haye as jet 
been stadied. 

Temary and qnaternary combînations of the earths« 

constitute the basis of porcclain, 

The fixed alkalino substances are capable of entering 
into union with diti'erent earths» so as to foixu with them 
smgle compounds. 

Use» and Jpplicati&ns of the Temary and Quatemary 

Compounds* 

The vetrctable and animal compounds are applied to 
▼crj iiiipMî taui uàcb iii cummon life. Many substances 
in the first and second classes arc employed as articles 
of food, The inûammablc compounds aôbrd us the 
means of procurin^^ artificially, beat and light On the 
union of colouring matten mth the nibitances used for 
dothing^ either immediately, or by means of moidantfs^ 
the art of dyeîng is founded. The compounds in the 
thrcc last classes, though of more iimitcd application, 
are yet csscntial in some of the processes of various arts. 

V. Of Substa^vces composed of différent Compound 

BoDiES, OR OF CoMPOUlîD BoDLES AND SiMPLE 
BODISS. 

General Obmvaiionê* 

The existence of the more compounded bodies is 
owing to very complicated affinities. In gênerai they 
are diihcultly produced> but easily decompoeed; and 
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this ia peculiarly the case, when the substances consti* 
toting them contain as elementa^ the simple gaaet. Hm 
more compounded bodies maj be divided» aococding to 
iheîr phjsîcal reladona» into àve clwees» 

19. SoUm Campoundt; the Fini CUbm, 

The saline compounds are substances, contaîning, as 
one of their constituent });u u, aa acid, an alkali, or an 
oxyde. In gênerai, they are solublc in water^ incom* 
bustible, and nonconductors of electricity. 

The saline compounds containing the acids united 
to the fJW^îwft subatancea, metallic oxydes, or earthi^ 
are very nnmeioiia; emy add bdag capable of foiming 
a great yariety of comlnuationa ; their namea are derived 
froni the acid and the basîs. 

Tiie îilkaline substances are capable of conil)iiung 
wîth inauy other bodies bcsides the acids ; the y enter 
into union with oil, albumen» alcohol» &c Their com- 
binations with oily substances are seape. 

Certmn of the metallic oxydes in combination with 
ammonia, and some other substancesi fonn powerfiil 
folminating compounds. 

20. Comptnmd» the MMU and £ar&u, and Minerai 
Substances; the Second Chus. 

Many compounds of the metallic oxydes with the 
earths and alkalies, may be artiBciaUy produced ; and 
an infinité variety of them exist in nature ; which the 
diemist has been able *to décompose» but not to 

imitate. 

In the Systems of minerai ogy, the more compounded 
natural substances are divided into gênera ; correspond- 
ing to the number of the primitive earths, alkaline sub- 
stanceBy metals, &c their classification into species is 
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dcrived Irom au accurate exauiination of their phjsical 
and chemical properties. 

21. The more Coinpounded Verjetahle ^Substa/ices, and 
Artîfîcial Compounds contaimiu/ Vegetable Matter; the 
Faurth CloM. 

The oigaoB of plants appear for the most part to be 

COmpounded of the oxydes and acids, containing 0x3^- 
gen, hydrogen, and carbon ; of water, and the différent 
earths and salts ; but we are vcry little accjuainted with 
the arrangement of thèse their constituent parts. We 
can chcmically examine vegetable substances only in 
their dead atate ; our analyses are usuallj made bj beat; 
and we are incapable of demonstrating the accuracy of 
them bj sjntbedcal means. 

Many important artificial compounds are furmcd bj 
the union of différent vegetable maiters, with certain of 
the alkaliesy metailic oxydes, and earths. 

The mare (kmpofwnded Animal Substances, and Ariificial 
Compounds formed from them; the Fifth Ciass, 

The chemistry of animal substances îs as yet in its 
in£uicy; no accurate views bave been obtained with 
regard to it : an almost infinité Tariety of composition 
exista in those oiganized parts which are mostanalogous 
in their structure and uses» andiiiese parts are in a con- 
tinuât state of change. 

The substances described in Division 4 ; Class 4 and 
5, appear to exist in the p^rcatcr number of animal 
organs; but their arrangements are wholly unknowiiy 
and they are combined with Tery différent proportions 
of water and saline compounds» 
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The artificial compounds prodaced by the action of 
reagents upon animal substances» as jet hâve been veiy 
little investigated 

Of Me AppUcationi of the mare Cmnpaunded BodUs* 

The saline compounds, or the neutral salts, are appli- 
cable to a yarietj of purposes. The compounds of the 
nitric and moriatic acids are the most important in their 
uses ; nitrate of potash îs the baais of gonpowder. 

Minerai substances» modified by artificial mesna» are 
applied to a great number of processes; and most of 
the earthj and uietallic substances, described in the 
three last divisions, are produced from Lhem. 

A few ouly of the vegetable or animal more corn- 
pounded substances are employed in the chemical arts 
in their native states; but their new combinations and 
décompositions are essential to many important opéra- 
tions» 

YL General Pbenohena ov thb Cheiôstrt of 

AbTIFICIAL OPEBATIONEf» AlfB CoNGLUSIOK. 

22. Generaîization of the Facts relating to Artificial 

Chemistry. 

The gênerai phœnomena of the chemical changes 
produced by artificial methods, may be referred to four 
différent modes of the exertion of attraction. Simple 
combinatiouj simple décomposition» compound combi- 
.^ation, and compound décomposition. And in ail cases 
the law of action is deteiminedby the primaiyaffinities 
of the éléments of tiie substances ezperimented upon» 
and their masses. 
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Of CrystaUizatiûn, 

Ixk a number of chemical opérations, the solid sub- 
stances produced, assume rcgular poh'hedral forms; and 
by thèse forms, tlieir species may in most cases be 
ascertaincd. 

Ail known crystaUized Vodies have^ as their nucleus 
or primitive crystal, one of àx regular figures, wbich are, 
1. The poraUelopipedon. 2. Tbe tetrabedion. 3. The 
octahedion» mth triangular ttdes. 4. The hexagonal 

prism. 5. The dodecahedron, bounded by rhombs. 

6. The dodecahedron, bounded by isosceles trian^îlcs. 
Tlie modifications of thèse forms dépend upon diversiiied 
and complicated forces of attraction. 

Observations on tJie Ilistonj and Progress of Expérimental 

Ch^aù>try. 

Expérimental chemistry is a science of late invention: 
it haâ been cbiefly formed bv the labour and genius of 
philosophera who hâve ûourished within the last fifty 
years. It continues to improve^ its boundaries are daily 
extended; and almost erery new dkcorery unfoids new 
objecta for research* The mstruments of chemical in- 
vestigation, though poBsessed of great power, are still in 
a State of imperfection ; and from the improvement of 
them, we may expect to obtain new and important arts, 
and to develop more sublime and comprehensive vicws 
of nature. 
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RECENT PUBLICATIONS OP 
SBUTH, BlOœS AH» CO., 6»« COBWHIIili, 



PBYSlOIiOOXOAIi AMO AMATOMXOAIi 

BB0BASOKSS. 

BY JOHN DAVY, M.D., F.R.S. 

The principal subjerfc treated of are Ânimal Electricity ; — Animal 
Heat; — The Temperaiure of différent Animais; — Pneumathorax in 
conoezurn with fhe Absoq>tion of Gases by Serons and Macovu Mem* 
brane" ; — thc Properties of the î'iîoo î iii Health and Disease ; — the 
Froperties of différent Animal Textures ; — the Patrefactire Proceuj — 
lli» niMmltoiof Aiwtindcal Fr^^ Blfoettof fhe Maon 

of oerCam Serpents ; —die Struetare of âe Heavt of Batcidiiui Ani* 
maLs, &c. 8tc. 

In 2 vois. Svo.r iliaetrated by nnmerons Enpavingg. Priée £l 8s. 



THB X.XFB OF MAROARUT BEAUFORT» 

C0UNTE9S OF RICHMOND AND DERBY, 

AXn MOTHEA OF KINO HBNRY THE SBVKNTH, 
l u ni Ij' ïs of Christ's und of St. John'i CoIl«ge, Oxford. 

Being the Hiâtorical Memoirfor which the llonorary Premium was awarded 
by the Directors of the Gresham Commémoration, Crosby Hall. 

By CAKOLINE A. HALST£D, Author of " Investigation/* &c. 

In nm vol. demy èvo,, wUh a PwirtM, priée ISf. 



ABOfiNTIlIfi, 

An Avto-koobapbt, 

OiÊevokmiêmaU9v0, prict lAt. 6if. Mh, 

'* The Ttroéoetton of Oeolm, and n«ed« nelfher henid nor apolojry. lis MgM eT«r> 
fiow ^virfi tlii iiipuuringi of nn t'ntliiisiii$.tii> and ima^native spiri^ Whil» tbfOWi lit 

own ncii coiounng over eren the duU realiiies of Ufe." — Era. 

** TTiIr work professes to be an Auto-biography, but if It were tâl the rmil^ of life 
it COtiM mit l>t' iMiirt- strikiti<:ly interesting. The itarnitivc is ndmirably toU^ esptt* 
▼aUog, and highl)r instructirv, aad the stylo rapid, digniAed, and élégant." 

JKM. OMUtnatim JûwntàL 

** TLh stylf clathes ail hc titif^ni in beauty, not tbc loss charmiI^; for fli' Tuannr r in 
which erents and feelings are ail toned dowoi tbere is a placidlty about even his sad- 
mm whleh sootlissi aaa fbs tandmcj of tlw book i»t m taéi, to malie as better." 

Wâekl0 ChronicU» 
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«HB Un-BOOK OF A ItABOVltSR. 

BY A WORKING CLERGYMAN. 
In mê mImnc, imoll 800., jh*Im T*., eiitf A. 

CoDtents—The King *• Heirt-'Iiiikt of tbe Put— Newnham Paddex 

and Mr. Blunt — The Grave of Byron — The late Lady Howe — A Fasti- 
dîous Parish — Bîshops antî their Relatives — Lord Viscount Brome — 
M. J. J. — Laud'S Church-Yard — The iiough Clergyman— The Tennis- 
Bail of Fortmi^-^The Dying Re<]iieil of th* Infidel'B Daughter— The 
Clerg5'nian A!cliemist — WJmt «^ay you to a Ghost Story ? — Lady ïlun- 
tiogdoti's KeatiQg Place — Amsbf and Robert Hall — ^The Church Com-. 
ttiiidoii^Tlie Dtie rtid Proph et e M— T he Cromi Prinee—Religion and 
Lunnity—Dr. Hawkar tnd Mn. Jordan, &c &c 

" TliPrf is not one paper in tho wholc coTlrrtion which majr not bo rea-l n^ain and 
ûRain with plousurr, and which is not calculated to raise the mind and iiurify the 
heart. wJiilf it clinrms the imapination. It ntuinds us forcildy of tliat un()>t di liu'lit- 
ftil of ail biognpluest " The Doctor/' to wblcb, indeed, maià porUous of the work 
an muet If at ^S^lMae/^—Mr H m mlm * 

" It is the pious offering of one who may hc deemrd a proper follower In the foot- 
steps of ttiat good man, Legh Richmood. We recotamend tbb book to all piuuBlr- 
tadined ftmiUet and lehoolif te dittributkm amoagst tlirir jouthM charges." 

Argut. 

Il Is a book te an u^t*, and wiU pnofa a «ooiee ef ptoamre aa «xqnklta ai tsato' 

Cf^nX.*'— Liverpooï Courfo-, 

" Thi* U one of tliose exquîsite ToUimes which occasionally corne fbrtb, the fruit 
of the retirement of the country clerffjman, and we can assure our nadan we hare 
penued the book with feelings of tb>' dt < ]>est ^'ratiticution."— 



RECONNOITERING 

VOYAGES AND TRA VELS; 

With adventures la the New Colomes of South Australia ; a particular 
detcripfioii of tiie Town of Addaide and Kangaroo Islaiid; and an 

Account of the présent state of Sydney and parts adjacent, including 

visits to the Nirobar nml other Islands of tlie Tînlian Seas, Calcutta, the 
Cape of Good Hupe, aad St. H^ua, dunug liic ycars 18^, 1837, 1838. 

BY W. H. LEIGII, Esa., 

Latp Suigeon of the Au stralian Company s Ship ** South Australian." 
In one vol. 8fO., ettibelliëhed with numenm» Engravinffs qftke Natives qf 
South AuthtUiat tfe,, priée 10». 6a. eioth àaarde, 

" Thii is not only a vnry rntcrtaininK vohimc, but it contains also much practical 
information. The wriler i» a plain narrator of facis whicb came uiider his orvn im- 
médiate olwerTation, and the incidents are described in a pleaaing fumiOlar manner. 
We neommend thla voluna t» aU who contMaplata wekiitg tbeir tetuaa aeraw the 

" No ^rt-ater H« rvi< (! oan be rendered to persons about to emipnite to Australia 
than to peruse the valuable infonuatton ttUs volume contains re^pecting the actual 
eonditton and teUlngi of thoee airaadjr looiMd in that part of âie mrid.*»— fhm. 

** Tld« is the narrative of a résidence lu the Colonies of New South Walc s nnd 
Soath Australia. It is in the foma of a journal, and eïcet-dinjjly intercsting, aad de- 
aen'es a most attentive pcnisal." — BcU's Meatenger. 

** Mr. Lal|^ appo"» to be a candid and Impartial «rftor, and his statement Is a 
wmmUn td teta, not tha thaoty of a TliioiHaT ar ipecalalor. The work is sometUng 
au»ra fhaii aiMiaioff 1 w« caa lacommend il, ai egntafaiinB aa«eh taedlent advioe «o 
aadi as hâve aa SateatloiB of amigratlng."— JBro* 
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